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Abstract 
Structuring problems for Multi-Criteria Decision Analysis (MCDA) has attracted increasing attention 
over the past 20 years from both a conceptual and a practical perspective. This is reflected in a 
significant growth in the number of published applications which use a formal approach to problem 
structuring in combination with an analytic method for multi-criteria analysis. The problem structuring 
approaches (PSMs) include general methodologies such as Checkland's Soft Systems Method (SSM), 
Eden and Ackermann's Strategic Options Design and Analysis (SODA) and other methods that focus on 
a particular aspect. We carried out a literature review that covers eight PSMs (Cognitive and Causal 
Maps, DPSIR, Scenario Planning, SSM, Stakeholder Analysis, Strategic Choice Approach, SODA and 
SWOT) and seven MCDA methods (AHP, ANP, ELECTRE, MAUT, MAVT, PROMETHEE and TOPSIS). We 
first identified and analysed 333 articles published during 2000-2015, then selected 68 articles covering 
all PSM-MCDA combinations, which were studied in detail to understand the associated processes, 
benefits and challenges. The three PSMs most commonly combined with MCDA are SWOT, Scenario 
Planning and DPSIR. AHP was by far the most commonly applied MCDA method. Combining PSMs with 
MCDA produces a richer view of the decision situation and enables more effective support for different 
phases of the decision-making process. Some limitations and challenges in combining PSMs and MCDA 
are also identified, most importantly relating to building a value tree and assigning criteria weights. 
Keywords: Problem Structuring, Multiple Criteria Decision Analysis, Multi-methodology, Multi-
stakeholder decision-making  
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1 Introduction 
In their introduction to “Rational Analysis for a Problematic World Revisited”, Rosenhead and Mingers 
(2001) state that “Making and taking decisions, solving problems, designing and re-designing systems 
nowadays all have to take place in conditions of unprecedented complexity and uncertainty”. The book 
describes in detail a collection of approaches, collectively referred there to as Problem Structuring 
Methods (PSMs), which have proved to be an effective means for skilled facilitators to support groups 
facing decision-making challenges. 
An important component of complexity is the differing perspectives, values and preferences of those 
responsible for and impacted by decisions taken. This is a key focus of multi-criteria decision analysis 
(MCDA), a generic term for a collection of systematic approaches developed specifically to support the 
systematic evaluation of alternatives in terms of multiple and often conflicting objectives (e.g. Keeney 
and Raiffa, 1976, Belton and Stewart, 2002, Eisenführ et al., 2010). 
Effective problem structuring is critically important for MCDA as the subsequent phases of analysis are 
strongly influenced by the structuring process. Historically, much of the MCDA literature assumed a 
well-structured problem as a starting point (Belton and Stewart, 2010). This started to change in the 
late 1990’s with an increased focus on effective problem structuring for MCDA reflected in the 
publication of Value Focused Thinking (Keeney, 1992) and applications which sought to integrate PSMs 
with MCDA (Belton et al., 1997, Ensslin et al., 2000, Bana E Costa et al., 1999). These initial applications 
were followed by experimental studies to explore how different facilitators/analysts approached 
problem structuring for MCDA in practice (e.g. French et al., 1998) and, a decade later, by focussed 
reviews of problem structuring for MCDA (Belton and Stewart, 2010, Franco and Montibeller, 2011). 
In addition to the integration of MCDA with the “general” PSMs presented in Rational Analysis for a 
Problematic World, integration of MCDA with more focused approaches such as stakeholder analysis 
(Grimble and Wellard, 1997), SWOT (Kotler, 1988) and Scenario Analysis (Schoemaker, 1995) has 
become more common. 
The number of published applications of MCDA has rapidly increased since 2000; these describe a wide 
range of public and corporate decisions, many of which are large-scale and complex (Huang et al., 
2011a). Concurrently, the diversity of applied MCDA methods has also increased in part because of a 
growing trend to combine different MCDA methods and also to integrate MCDA with other methods, 
particularly for handling uncertainty (Mardani et al., 2015). 
This increased attention to problem structuring for MCDA is the motivation for this article. We aim to 
document the state-of-the-art in combining PSMs and MCDA and to answer the following questions:  
• How common is the joint use of the methods?  
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• How are they combined and how is the information produced by PSMs used in MCDA? 
• What are the key benefits of these combinations and what problems have been reported?  
• How can MCDA practices be enhanced by using PSMs? 
To address these research questions we carried out an extensive literature review, covering eight PSMs 
and seven MCDA methods. First, we identified and reviewed 333 articles published in 2000–2015. After 
that, 68 articles selected to cover all PSM-MCDA method combinations were studied in detail to map 
the experiences from their joint use. This article is the first to comprehensively cover the combined 
use of a wide variety of PSMs and MCDA methods across different application areas.  
The article is structured as follows. In Section 2 the studied PSMs and MCDA methods are presented 
briefly. Section 3 describes the design of the literature review. Section 4 provides a methodological 
overview of the articles and then discusses each method combination in more detail. In Section 5, we 
reflect on key outcomes and discuss the benefits and challenges of the combined use of PSMs and 
MCDA. We also summarise major research needs. Our conclusions are drawn in Section 6. 
2 Problem structuring and Multi-Criteria Decision Analysis methods 
2.1 Problem structuring methods 
The term problem structuring methods (PSMs), often referred to as “Soft OR” or “Soft Systems” 
methods, was introduced by Rosenhead (1989) to describe a group of methods that focus on the 
effective structuring of a problem situation rather than “solving” it (Rosenhead and Mingers, 2001). In 
using PSMs an analyst seeks to promote an engaged and structured conversation, to encourage 
problem owners to view the situation from different perspectives and to facilitate the synthesis of 
information. The emergence of PSMs has been attributed to a perceived failure of traditional 
optimisation-based methods of Operations Research (OR) to address ill-structured problems 
(Rosenhead, 2006). Under the PSM umbrella numerous methodologies, methods and techniques have 
been applied.1 Rosenhead and Mingers (2001) provide a comprehensive overview of the general 
problem structuring methodologies with illustrative case studies; (French et al., 2009) cover a broad 
range of methods and Belton and Stewart (2010) and Franco and Lord (2011) discuss the process of 
structuring problems for MCDA in detail. 
This review focuses on the following PSMs (Tab. 1): Stakeholder Analysis, SWOT, DPSIR (Drivers, 
Pressures, States, Impacts, Responses), Cognitive and Group Maps (CMs/GMs), Soft Systems 
Methodology (SSM), Strategic Options Development and Analysis (SODA), Strategic Choice Approach 
                                                            
1
 In this paper, we use the abbreviation PSM to refer collectively to all of these approaches, including the broad methodologies 
described by Rosenhead and Mingers and more focused methods such as stakeholder analysis and SWOT. 
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(SCA) and Scenario Planning (SP). We selected these because they give a good overview of how PSMs 
can be linked with MCDA; they cover different phases of problem structuring; they differ greatly in 
complexity; and they include different types of PSM such as checklists (SWOT), trees and networks 
(DPSIR, CMs) and broad approaches which incorporate several structuring methods (e.g. SSM). The 
review covers PSMs which are well known in OR/Management Science (MS, e.g. CMs/GMs) as well as 
methods which to date have not received much attention in the OR/MS literature (e.g. DPSIR).  
There is no clear agreement in the PSM literature on the terminology: tools, techniques and methods 
are used interchangeably (Howick and Ackermann, 2011). To keep the terminology simple, we use the 
term methodology when we mean a broad approach, for example, SSM, SODA or SCA, which may 
incorporate different methods, tools or techniques. The term method is used for structuring 
procedures which focus on a specific aspect (e.g. DPSIR, CATWOE, SWOT).  
Several PSMs were excluded to keep this review manageable; for example, Robustness Analysis, Drama 
Theory and Viable System models were excluded because their combinations with MCDA are very rare 
or non-existent. In addition to CMs, there are many other mapping techniques, such as Mind Maps, 
Causal Loop Diagrams, Strategy Maps, Reasoning Maps, Dialog Maps and Means-ends Networks (see 
e.g. Montibeller et al., 2008, Schaffernicht, 2010) which were not included into the analysis.  
Table 1. Problem Structuring Methods addressed in the study. 
Method/methodology Description  Reference 
Cognitive Maps (CMs) 
and Group Maps (GMs) 
 
A CM is a graphical representation which captures how an individual perceives a particular 
issue in terms of key aspects of the system and perceived causal relationships between 
these, with the aim of improving understanding and informing decision-making. A Group 
Map is the integration of a number of individual Cognitive Maps (see SODA). 
Eden (1992) 
DPSIR framework, PSR 
framework 
A causal framework for describing the interactions between society and the environment. 
DPSIR stands for: Driving forces, Pressures, State, Impact, Responses. An extension of the 
PSR framework used by the OECD.  
OECD (1993) 
EEA (1995) 
Scenario Planning (SP) 
 
Scenario planning, also called scenario thinking or scenario analysis, is a strategic planning 
method to identify and analyse plausible but not necessarily probable or desirable futures 
and to use these to help identify appropriately flexible long-term strategies. 
Schoemaker (1995) 
Soft Systems 
Methodology (SSM) 
 
Action-oriented process of inquiry into a problematic situation using different methods to 
structure the discussion and enhance learning. Commonly used methods are Rich 
Pictures, Root definitions, CATWOE (Customers, Actors, Transformation, Worldview, 
Environment), PQR (What, How, Why) and 3 E’s (Efficacy, Efficiency, Effectiveness). 
Checkland and Scholes 
(1990) 
Stakeholder Analysis 
 
Process of identifying the individuals or groups that are likely to affect or be affected by a 
proposed action. Results in specific participation strategies for each group. 
Grimble and Wellard 
(1997) 
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Method/methodology Description  Reference 
Strategic Assumptions 
Surfacing and Testing 
(SAST)1 
 
Aims to surface, map and evaluate underlying assumptions that managers (stakeholders) 
bring with them (often subconsciously) in relation to an issue of strategic concern and to 
examine the relationship between these assumptions and potential policies with a view to 
formulating more robust and potentially novel or previously unforeseen policies.  
Mitroff and Emshoff 
(1979) 
 
Strategic Options 
Development and 
Analysis (SODA) 
Supports a group to construct a shared graphical representation of a problematic situation 
as a Causal Map (a Group Map, GM) and to use this to explore potential strategies with 
respect to a complex system of goals. A GM can be created by merging a number of 
individual’s Cognitive Maps (CMs) or using Oval Mapping in a workshop environment. 
Ackermann and Eden 
(2010)  
SWOT analysis Tool for identifying factors of the external (Strengths, Weaknesses) and internal 
(Opportunities, Threats) operational environment and for determining strategies.  
Kotler (1988) 
1 SAST was not used in the search words but was later included in the analysis because it was one of the approaches used in 
one of the few multi-methodology articles (Petkov et al., 2007).  
2.2 Multi-Criteria Decision Analysis methods 
Many methods and softwares define the field of MCDA. They are based on different principles and 
apply different procedures for scoring, weighting and aggregation. They have different theoretical 
foundations, such as value functions, optimisation algorithms, aspiration based methods, outranking 
or combinations of these (Linkov et al., 2004). Many recent MCDA applications, do not simply focus on 
making a choice between alternatives but more broadly on exploring alternatives, facilitating 
communication, improving learning and supporting joint-solution finding (Belton and Stewart, 2002). 
In earlier MCDA literature, the problem structuring phase generally received less attention than the 
MCDA evaluation. This began to change late 1980’s (Belton and Stewart, 2010, Franco and Montibeller, 
2010). A particularly notable development which was to have significant impact on the field was Value-
Focused Thinking (VFT, Keeney, 1988). VFT is a holistic approach which incorporates a systematic 
procedure to support the identification and structuring of the decision-makers’ values and objectives 
as well as the creative generation and evaluation of alternatives. Other holistic methodologies include: 
Structured Decision Making (SDM, Gregory et al., 2012) which embeds several tools and practices for 
supporting a collaborative application of MCDA, combining methods from decision analysis (e.g. 
MAVT, VFT) and applied ecology with insights from behavioural research; and Social Multi-Criteria 
Evaluation (SMCE, Munda, 2004a), an extension of MCDA which emphasises the importance of 
understanding the political and social context of the decision problem and applies both Institutional 
and Stakeholder Analysis in the problem structuring phase.  
As the number of MCDA applications has increased, reviews of application areas, current trends and 
future research topics are increasingly common. Many cover specific application domains, e.g. natural 
resource management (Romero and Rehman, 1987), financial decision-making (Steuer and Na, 2003), 
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environmental sciences (Huang et al., 2011b) and energy and environmental modelling (Wang and 
Poh, 2014). Others focus on applications of specific MCDA methods, e.g. AHP (Ho, 2008), MCDM and 
MAUT (Wallenius et al., 2008), PROMETHEE (Behzadian et al., 2010), TOPSIS (Behzadian et al., 2012) 
and VFT (Parnell et al., 2013). In some reviews, combinations of MCDA with other methods were 
addressed (e.g. Ho, 2008, Wang and Poh, 2014). However, no review covers the joint use of a diverse 
set of PSMs and MCDA methods. 
This study focuses on seven MCDA methods (Tab. 2), which are the most extensively used according 
to recent reviews (Huang et al., 2011a, Kabir et al., 2014). We included fuzzy modifications of methods 
(where appropriate) as such applications have increased rapidly (Mardani et al., 2015). We do not 
describe the principles of these MCDA methods. The interested reader is referred to overview texts 
such as Belton and Stewart (2002), French et al. (2009) and Eisenführ et al. (2010). 
Our study is extensive, but not exhaustive, because the holistic approaches VFT, SDM and also Decision 
Conferencing (Phillips and Phillips, 1993), were not included. VFT and SDM were excluded because we 
focus on PSMs which have been developed outside the MCDA field. We refer readers to the recent, 
comprehensive review of VFT applications (Parnell et al., 2013). Decision conferencing, a structured, 
facilitated approach for group decision-making using MAVT, was excluded because it is more a process 
and does not incorporate any unique techniques for problem structuring. However, in some PSM and 
MCDA combinations, aspects of these methodologies were also applied. 
Table 2. MCDA methods addressed in the study.  
Acronym Method Description Reference 
AHP  Analytic Hierarchy Process Pairwise comparison procedure based on linguistic 
scale to compare the importance of criteria and 
desirability of alternatives against criteria. 
Saaty (1980) 
ANP  Analytic Network Process More general form of AHP. ANP structures the 
decision problem as a network.  
Saaty (2005) 
ELECTRE ELimination Et Choix Traduisant la REalité, 
(ELimination and Choice Expressing REality) 
Family of MCDA methods based on outranking 
relations between alternatives.  
Roy (1991) 
MAVT, MAVA Multi-Attribute Value Theory/Analysis 
(including e.g. MACBETH, Simple Added 
Weighting) 
Overall priority values of alternatives are 
calculated based on the objectives’ weights, value-
functions and performance scores of alternatives. 
Keeney and Raiffa (1976) 
Bana e Costa and 
Vansnick (1999) 
MAUT, MAUA Multi-Attribute Utility Theory/Analysis Extension of MAVT, includes probabilities and risk 
attitudes to form utility functions. 
Keeney and Raiffa (1976) 
PROMETHEE Preference Ranking Organization Method for 
Enrichment Evaluation 
Calculates positive and negative preference flows 
for each alternative based on the pairwise 
comparisons of the alternatives.  
Brans et al. (1986) 
TOPSIS Technique for Order Preference by Similarity 
to Ideal Solution 
Ranks alternatives using the geometric distance 
from the positive and negative ideal solution. 
Hwang and Yoon (1981) 
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3 Literature review 
3.1. Description of the process 
A systematic literature search was realised to find articles published in the period of 2000–2015 (cut-
off date 17.9.2015) which combined the identified PSMs and MCDA methods (Fig. 1). Most stem from 
SCOPUS (http://www.elsevier.com/solutions/scopus/content), which accesses over 34,000 journals. 
Separate searches were conducted for each PSM; each including a combination of PSM and MCDA 
keywords (Supplementary material Table S-1). The references in these articles were also investigated. 
Additionally, the Journal of Multi-Criteria Decision Analysis was searched separately, as SCOPUS does 
not include articles published there before 2013. This process yielded more than 500 articles. We then 
narrowed the focus to articles published in peer-reviewed journals, excluding conference papers and 
similar. All articles were screened by reading the abstracts and irrelevant articles were filtered out, 
resulting in 333 articles. The main bibliographical information (e.g. publication year, title, journal, type 
of article and method) together with the PSM and MCDA method combination was recorded 
(Supplementary material, Tables S-3a-S3f).  
 
Figure 1. Stages of the literature search.  
We then identified 68 articles for detailed analysis and 9–20 articles for each PSM was selected. 
Primarily, we aimed to find a set of articles which provided a good understanding of different ways to 
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use each PSM with MCDA. In addition, we considered the following criteria in the selection: level of 
detail in the description of the method combination; coverage of different application areas and 
geographical regions; level of citations, taking into account year of publication; and impact factor of 
the journals. Although the review mainly covers journal articles, we made three exceptions to increase 
the number of cases in those method categories which lack illustrative applications. Ventura et al. 
(2014) was added to increase the number of CM cases, Belton and Stewart (2010) and Cerreta et al. 
(2012) to complement SSM cases. We also included one VFT article (Neves et al. 2009) which provides 
an illustrative description of how SSM can support problem structuring for MCDA. 
The characteristics of each case are presented in in the supplementary materials (Tabs. S-4a – S-4f,    S-
5). In all cases, the number of objectives (criteria) used in the MCDA together with the way in which 
participation was realised and information specific to the PSM used (e.g. the number of SWOT factors 
identified, the number of scenarios and time horizons in scenario planning). Although this review 
cannot claim to be exhaustive, it covers a majority of the articles published from 2000 to 2015, thus 
providing a good overview of the state-of-the-art of combining PSM and MCDA. 
4 Results  
In section 4.1 we present an overview of the combined use of PSMs and MCDA. Sections 4.2-4.7 focus 
on a more in-depth description of each combination of a specific PSM with MCDA, summarising and 
the pros and cons of each method combination at the end of each section. More detailed information 
about the selected cases is presented in the supplementary material (Tables S-4a– S-4f). 
4.1 General analysis of the articles  
Of the 333 identified articles, 289 were published in 2000–2014 and 44 in 2015 (to 17.9.2015). SWOT 
and Scenario Planning are most commonly combined with MCDA (Tab. 3). The total number of articles 
has considerably increased (by a factor of 2.9) during the period of 2010-2014 compared to the 
previous five years (2005-2009), especially for these two combinations which increased by a factor of 
3.7 for SWOT (89/24) and 2.9 for Scenario Planning (50/17).  
China, Iran, USA, Italy and Turkey published the most articles combining PSMs and MCDA 
(Supplementary material, Tab. S-2). Only Italy, the UK and USA have articles in all method categories. 
A striking feature is the small number of UK articles in some method combinations, particularly taking 
into consideration the UK's central position in the development of PSMs. The three most common 
application areas relate to environment (18 % of the articles), energy (13 %) and hydrology and water 
(11 %). Many environmental applications combine DPSIR or Scenario Planning with MCDA. 
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Table 3. Number of articles combining PSMs and MCDA published in 2000–2015.  
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Stakeholder Analysis 1 1 0 0 2 1 3 0 1 2 5 5 2 3 2 2 30 9.0 
Cognitive/ 
Group Map 
0 0 0 1 0 2 1 1 1 2 1 2 2 0 3 2 18 5.4 
DPSIR 0 0 0 0 0 2 2 3 3 4 9 3 5 7 4 11 53 15.9 
SWOT 1 1 0 0 2 0 2 6 6 10 8 14 14 30 23 15 132 39.6 
Scenario Planning 0 1 3 2 0 1 4 5 4 3 5 10 9 14 12 13 86 25.8 
SSM, SODA, SCA and SAST 0 0 0 0 0 0 0 1 0 1 2 1 2 1 5 1 14 4.2 
Total 2 3 3 3 4 6 12 16 15 22 30 35 34 55 49 44 333 100 
1 Includes Balanced Scorecards, Critical System Heuristics, Five Force Field Analysis, Means-ends Network, PESTLE, Porter’s Five Forces 
Analysis, Value-Focused Thinking, PQR  
The articles were published in over 200 journals and over 90 % were published in applied journals. The 
five most common journals were Energy Policy, Journal of Environmental Management, Forest Policy 
and Economics, Ecological Economics and European Journal of Operational Research. (Supplementary 
material, Tab. S-2). ). The diversity of journals reflects the breadth of the application areas.  
In Table 4, MCDA methods are grouped in four “families”: AHP/ANP, MAVT/MAUT, outranking 
methods and goal and reference point methods. Articles using AHP/ANP dominate, accounting for 49 
% of the PSM-MCDA combinations. The most frequent combinations in this group are SWOT and 
AHP/ANP (110 articles) and DPSIR and AHP/ANP (39 articles). It is noteworthy that in 25 % of the 
abstracts the used MCDA method was not specified. 
In most articles, one PSM was combined with one MCDA method; two PSMs were applied in 11 cases. 
More than two PSMs were combined with MCDA in only five cases. Petkov et al. (2007) describe the 
application of a wide variety of PSMs across three cases (Rich Picture, Critical System Heuristics, 
Interpretive Structural Modeling, stakeholder analysis, and Boundary Judgment Questions of Critical 
System Heuristics). Bana e Costa et al. (2014) combined decision conferencing with causal mapping, 
Value-Focused Thinking (Means-Ends Networks) and the Analysis of Interconnected Decision Areas, 
which is part of the Strategic Choice Approach. Cuozzo (2014) combined Stakeholder Mapping, Rich 
Pictures, Scenario Planning and two MCDA methods. Lienert et al. (2015) applied several PSMs; 
Stakeholder and Social Network Analysis, a brainstorming/mapping exercise for objectives, a strategy 
generation table for alternatives and Scenario Planning.  
Table 4. PSM and MCDA combinations. The total number of combinations (365) is higher than the total 
number of articles (333) because in some cases two or more PSMs/MCDA were applied. 
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Stakeholder 
Analysis 
Cognitive/ 
Group 
Maps 
DPSIR SWOT 
Scenario 
Planning 
SAST, 
SCA, 
SODA, 
SSM 
Total 
Proportion 
(%) 
AHP/fuzzy AHP 8 5 36 92 13 2 156 42.7  
ANP/fuzzy ANP 0 1 3 18 1 0 23 6.3  
MAVT/MAUT 1 4 0 4 7 2 18 4.9  
TOPSIS/fuzzy TOPSIS 0 1 6 17 6 0 30 8.2  
PROMETHEE  0 0 0 3 1 0 4 1.1  
ELECTRE 0 1 2 0 0 3 6 1.6  
MULINO DSS 0 0 6 0 0 0 6 1.6  
Social Multi-Criteria Evaluation 12 0 0 0 0 0 12 3.3  
MCDA/MCA/MCE  10 6 2 9 58 6 91 24.9  
Other (e.g. VFT, VIKOR) 0 2 4 7 4 2 19 5.2  
Total 31 20 59 150 90 15 365 100 
4.2 Stakeholder Analysis and MCDA 
MCDA is increasingly seen as a powerful approach to support collaborative processes (e.g. Lennox et 
al., 2011, Marttunen et al., 2015) and this review indicates that stakeholder involvement in MCDA is 
now common, particularly in environmental decision-making. Several MCDA approaches emphasise its 
importance, namely the Decision Analysis Interview approach (Marttunen and Hämäläinen, 1995, 
2008), Stakeholder Multi-Criteria Decision Aid (Banville et al., 1998), Social Multi-Criteria Evaluation 
(SMCE, Munda, 2004a), Deliberative Multi-Criteria Evaluation (Proctor and Drechsler, 2006) and Multi-
Actor Multi-Criteria Analysis (MAMCA, Macharis et al., 2009). 
The search using “stakeholder analysis” and “MCDA“ as keywords yielded 32 articles. This number is 
surprisingly low considering the large number of participatory MCDA cases. Replacing “stakeholder 
analysis” with “stakeholder” produced almost 900 articles. This suggests that stakeholder 
identification in MCDA is often done in a less systematic way or is not fully documented. 
We selected nine articles for detailed analysis; three applied SMCE, two MAMCA and four were 
participatory MCDA projects which paid special attention to identify relevant stakeholders. In all cases, 
stakeholders were intensively involved in the MCDA process, typically with in-depth interviews, focus 
groups or workshops. Resources used for the Stakeholder Analysis varied substantially, from light-
touch practical approaches (e.g. Geneletti, 2010, Nordström et al., 2010) to an in-depth, research 
oriented approach (Lienert et al., 2013).  
In Social Multi-Criteria Evaluation (SMCE) there is a strong focus on understanding social actors’ needs 
and their interrelationships in the problem structuring phase (Munda, 2004a) and a careful 
Stakeholder Analysis is a vital part of SMCE (e.g. Gamboa, 2006, Garmendia et al., 2010, Borzoni et al., 
2014). Lienert et al. (2013) combined a thorough Stakeholder Analysis (Grimble and Wellard, 1997) 
with a Social Network Analysis (Kenis and Schneider, 1991), using the results in a participatory MCDA 
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for water infrastructure planning (Lienert et al., 2015). Linking the Stakeholder Analysis with SNA was 
fruitful and generated complementary results. A Stakeholder Analysis typically provides an overview 
of who is important in and affected by a decision, and the interests of these people. It has been 
criticised because it is often ad hoc and lacks analytic quality (Hermans and Thissen, 2009, Reed et al., 
2009). SNA is a more systematic approach to investigate structural patterns between actors and 
identify, for example, who collaborates with whom and which actors play a central role in a social 
network. Turcksin et al. (2011) identified stakeholders preliminarily according to the biofuels supply 
chain; they were later validated in a workshop involving biofuel representatives.  
MAMCA involves key stakeholders from the beginning of a decision process. Stakeholder opinions are 
explicitly included and different viewpoints are visualised separately to highlight differences in 
alternatives’ performances (Macharis et al., 2012). Every stakeholder group has its own criteria set and 
each group is equally weighted when the results are aggregated across the stakeholders. 
Three good examples of a systematic Stakeholder Analysis, each using a different approach, but still 
with moderate effort were identified. Nordström et al. (2010) asked members of the steering group to 
identify potential stakeholders on Post-it notes, which were then grouped according to common 
interests. The steering group then used a participation ladder individually to place different 
stakeholder groups on appropriate levels of participation (International Association for Public 
Participation, 2007); results were later discussed. A snowball sampling approach can be a quick and 
suitable way to identify stakeholders (Geneletti, 2010; Lienert et al., 2013). Geneletti (2010) first 
developed a preliminary list of stakeholders based on previous research conducted in the region and 
then contacted key representatives to solicit more suggestions. The process continued until no further 
stakeholders were proposed. Lienert et al. (2015) suggest that in most practice-oriented MCDA 
applications a short questionnaire distributed by email, phone or internet to stakeholders will suffice 
to better understand the wider stakeholder group and ensure a good representation of views by a 
smaller group of key stakeholders in the following MCDA. The use of existing networks and email 
distribution lists can greatly facilitate Stakeholder Analysis (Nordström et al., 2010). 
Stakeholder identification and analysis is highly relevant in MCDA because it explicitly recognises 
multiple actors and their objectives (Tab. 5). MCDA methods do not incorporate any techniques for 
this task. It is important to be aware that engaging stakeholders always raises an ethical question 
related to the treatment of the different stakeholders in an MCDA process (Banville et al., 1998). 
Table 5. The pros and cons of stakeholder analysis and its combination with MCDA; + positive aspect, 
- negative aspect. 
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Pros and cons  How stakeholder analysis benefits MCDA Challenges and issues to be aware of 
when combining 
+ Easy to use. 
+ Systematic if done properly. 
- Subject to criticism for lack of academic rigor. 
- Difficult if little initial knowledge of stakeholders. 
Helps to identify key stakeholders to be 
engaged in MCDA. Encourages consideration 
of a range of perspectives. 
Decision about who should be engaged 
in MCDA can still be difficult.. 
 
4.3 Cognitive Maps, Group Maps and MCDA 
Cognitive Maps (CMs) and Group Maps (GMs) have been applied primarily in psychology and the 
behavioural sciences, management, politics and economics (Kpoumié et al., 2012). They have been 
increasingly used to structure and help understand complex social and environmental problems and 
associated decision-making (Tikkanen et al., 2006). In a Management Science context, mapping is 
central to the PSM known as SODA (Strategic Options Development and Analysis; Eden and 
Ackermann, 2001). They describe a Cognitive Map as “… a model amenable to formal analysis. It is a 
model designed to represent the way in which a person defines an issue.” … “It is a network of ideas 
linked by arrows; the network is coded from what a person says.” The SODA process can begin with 
developing a CM for each stakeholder; the individual maps are then merged to create an integrated 
“group map” to be used in the workshop, which is central to SODA. Alternatively, a group map can be 
created directly in a workshop using the Oval Mapping Technique (Eden and Ackermann, 1998).  
CMs/GMs and MCDA methods have typically been deployed alone (Franco and Lord, 2011). We found 
only nine application articles which integrate CM/GMs and MCDA (Supplementary material, Tab. S-
4b). Hence, we also included one book chapter (Ventura et al., 2014). The selected cases relate to 
business, environmental and social issues, covering both the public and private sector. CM/GMs have 
been coupled with following MCDA methods: MAVT (e.g MACBETH, SMART; Bana e Costa et al., 2006, 
Myllyviita et al., 2014), multi-criteria portfolio analysis (Franco and Lord, 2011) and ANP (Wolfslehner 
and Vacik, 2011). 
In two cases, CM/GM was followed by a full MCDA (Bana e Costa et al., 2006, Ferreira et al., 2012). In 
other cases MCDA (ANP with equal weights, direct rating) was used only to identify the most important 
indicators (e.g. Wolfslehner and Vacik, 2011, Myllyviita et al., 2014). One case explicitly followed the 
SODA methodology (Ferreira et al., 2011, 2012). 
The most common reason for using CMs/GMs was to facilitate the development of a comprehensive 
set of indicators (Mendoza and Prabhu, 2003, Adrianto et al., 2005, Bana e Costa et al., 2006, Ferreira 
et al., 2012, Myllyviita et al., 2014, Marafon et al., 2015). Other motivations were to structure 
 
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indicators (Wolfslehner and Vacik, 2011), to assess their significance by calculating their centrality and 
domain (Adrianto et al., 2005), to help the decision-makers to understand, delineate and organize the 
problem (Longaray et al., 2015), to elicit and structure the stakeholders' knowledge of the problem 
situation and to stimulate new causal thinking (Franco and Lord, 2011). 
The intensity of the participants’ involvement varied from very high to none. Some cases used 
individual interviews (e.g. Myllyviita et al., 2014), but mostly CMs/GMs were developed in meetings or 
workshops. Franco and Lord (2011) facilitated two workshops, one focused mainly on mapping and 
one on MCDA. In some cases, as outlined above, individual CMs were constructed first and later 
merged to create the group map (e.g. Franco and Lord, 2011, Ferreira et al., 2012). The disadvantage 
is that aggregating several maps can be difficult due to differences in the terms used and the logic 
articulated (Ferreira et al., 2012). Directly developing a shared group map, using the Oval Mapping 
technique, was more common (e.g. Bana e Costa et al., 2006, Marafon et al., 2015). This enables the 
interaction of all participants, creating learning and directly enriching the map (Ventura et al., 2014).  
CMs/GMs and MCDA represent different paradigms and their use requires different skills. In one 
intervention, two facilitators were involved; one responsible for CM and the other for MCDA (Franco 
and Lord, 2011). Ferreira et al. (2012) describe how a psychologist and communication technician 
assisted the facilitator. A precondition for the successful combination is that facilitators are familiar 
with both methods and are fully involved throughout the whole process (Belton et al., 1997). 
MCDA benefits from CM/GM in several ways (Tab. 6): CMs/GMs stimulate participants to structure 
their ideas using natural language (Montibeller et al., 2008, Franco and Lord, 2011); they facilitate 
communication and problem structuring (Wolfslehner and Vacik, 2011); they enable people to voice 
their views and even to persuade others (Franco and Lord, 2011). CMs/GMs can also reduce framing 
biases (Hodgkinson et al., 1999, and comments by Wright and Goodwin, 2002, Hodgkinson et al., 
2002).  
Table 6. The pros and cons of cognitive maps (CMs) / group maps (GMs) and their combination with 
MCDA; + positive aspect, - negative aspect. 
Pros and cons  How CMs / GMs benefit MCDA Challenges and issues to be aware of 
when combining 
+ Helps to surface and structure an individual’s or a group’s 
collective ideas using people’s natural language. 
+ Helps to understand different perspectives. 
- Skilful facilitator(s) needed in complex cases. 
-Specialist software needed to analyse large maps. 
- Merging individual cognitive maps to group is challenging.  
Improved understanding of problem and 
different perspectives can help to define the 
goal of MCDA, build a value tree and develop 
alternatives. Detailed map can serve as 
“organisational memory” and support use of a 
simpler MCDA (e.g. smaller value tree). 
Defining a value tree directly from the 
cognitive/group map can be challenging 
and / or laborious. Use of DPSIR is so far 
limited to environmental assessments. 
Potentially useful in other domains. 
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4.4 DPSIR framework and MCDA 
The Pressure-State-Response (PSR) was firstly proposed by OECD for analysing environmental issues 
in 1970. Its extension, the Driving forces-Pressure-State-Impact-Response (DPSIR) framework was 
developed in the 1990s to structure and organise environmental indicators and environment-society 
inter-connections to policy makers in an understandable way (OECD, 1993, Smeets and Weterings, 
1999). DPSIR has been increasingly used for environmental issues and research projects (Meyar-Naimi 
and Vaez-Zadeh, 2012, Tscherning et al., 2012). Because DPSIR simplifies complex environmental 
relationships, it has been subject to severe criticisms (Tscherning et al., 2012, Gari et al., 2015). 
Subsequently, it has been modified in several ways, for instance, by adding a welfare element (Cooper, 
2013, Kelble et al., 2013, O'Higgins et al., 2014). Alternatively, DPSIR has been integrated with other 
methods, such as system dynamic modelling (Lee and Lin, 2014).  
Nine DPSIR-MCDA and one PSR-MCDA articles were analysed. Eight evaluate management or planning 
alternatives (e.g. Petersson et al., 2007, Wolfslehner and Vacik, 2008, Bottero and Ferretti, 2010, Kim 
et al., 2013), two construct and calculate environmental indices (Shao et al., 2014, Li et al., 2015) and 
one prioritises instream sites for treated wastewater (Kim et al., 2013). Half of the applications were 
related to water or wetland management; others concern forest management, urban or land use 
planning and environmental status assessments. In six of the ten articles, DPSIR was applied together 
with AHP or ANP (e.g. Wolfslehner and Vacik, 2008, Azarnivand and Chitsaz, 2015).  
The MULINO decision support system (mDSS), which supports water management at the catchment 
scale (Fassio et al., 2005), integrates DPSIR with MCDA in a sequential manner. The DPSIR framework 
has been implemented in mDSS following three decision process phases (conception, design, choice). 
Simulation models are used to predict the outcomes of alternatives. The MULINO DSS was applied in 
three cases (Petersson et al., 2007, Benini et al., 2010, Johnston et al., 2013). DPSIR was first used for 
problem exploration, defining criteria and alternatives, which were then evaluated using one of four 
possible MCDA methods (Simple Additive Weighting, TOPSIS, ELECTRE or Order Weighting Average).  
DPSIR can easily produce many indicators; they varied from 13 to 77 in the analysed cases (average 
21). In five cases the DPSIR indicators were used as such in MCDA modelling with ANP (Wolfslehner 
and Vacik, 2008, Bottero and Ferretti, 2010), AHP (Chung and Lee, 2009, Shao et al., 2014) and TOPSIS 
(Kim et al., 2013). Others reduced the number of criteria; e.g. by selecting the six (of 30) most 
important criteria (Azarnivand and Chitsaz, 2015), by using only the impact indicators (I) to evaluate 
alternatives (Petersson et al., 2007) or by grouping them into classes (Johnston et al., 2013).  
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The joint use of DPSIR and MCDA has several advantages. The joint framework provides a holistic 
approach helping to ensure that all relevant impacts are included (Bottero and Ferretti, 2010). This 
holistic perspective can reveal key data gaps (Li et al., 2015). DPSIR helps to visualise cause-effects and 
improves communication (Wolfslehner and Vacik, 2008, Bottero and Ferretti, 2010, Johnston et al., 
2013). The possibility to check the consistency of judgments in AHP has been considered as important 
to increase the reliability of the assessment (Azarnivand and Chitsaz, 2015, Li et al., 2015).  
However, it may be difficult to categorise a variable because of vague definitions and unclear 
boundaries of the DPSIR-terms (Bottero and Ferretti, 2010). In a forest management case, strict 
allocation of indicators to the P-, S-, R-categories was not possible because of their multi-dimensional 
character (Wolfslehner and Vacik, 2008). To tackle this problem, each of their twelve indicators had 
three dimensions: state of the system, potential pressures and responses. One of the largest challenges 
in combining DPSIR and MCDA is the development of a criteria hierarchy from the DPSIR factors. If the 
DPSIR factors are used as such in MCDA, which often seems to be the case, it can result in double 
counting because the DPSIR-clusters are interconnected (e.g. Gari et al., 2015). For instance, 
intensification of agriculture (D) increases nutrient load (P) which in turn affects the chemical state of 
the water system (S) leading to algae blooms (I). A challenge in the DPSIR-ANP applications is that 
ANP’s interlinkages are unclear, which makes their quantification problematic. 
The studied articles suggest that DPSIR provides a powerful framework to aid initial understanding, 
structuring and communication of a complex environmental issue (Tab. 7). However, it is limited with 
regard to a rigorous scientific analysis and the integration with MCDA can be challenging because the 
DPSIR framework as such cannot be used. If the whole framework is used in sustainability assessments, 
we suggest that the results of different DPSIR categories are presented separately and not aggregated 
because of double counting risk. 
Table 7. The pros and cons of DPSIR framework and its combination with MCDA; + positive aspect, - 
negative aspect. 
Pros and cons  How DPSIR benefits MCDA Challenges and issues to be aware of 
when combining 
+ Helps to identify key relationships between environment 
and society. 
- Deciding to which category a variable belongs (e.g. state 
or impact) can be difficult. 
- Unidirectional cause and effect relations (no feedback 
loops). 
Supports criteria identification. In particular, 
impact factors are good candidates for 
criteria. Thinking about driving forces, 
pressures, states and impacts supports 
development of alternatives. DPSIR provides a 
useful framework to calculate an index. 
Difficult to derive criteria from DPSIR 
factors. Need to be selective in using 
DPSIR factors in value tree. Uncritical 
use of factors can result in double 
counting or preferential dependence. 
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4.5 SWOT and MCDA  
SWOT (Strengths, Weaknesses, Opportunities and Threats) was originally developed to inform the 
generation of organisational strategies. Our review shows that SWOT and MCDA have been combined 
in many applications areas including agriculture and forestry (Shrestha et al., 2004), bioenergy (Catron 
et al., 2013), information technology (Kahraman et al., 2007), tourism (Akbulak and Cengiz, 2014), 
traffic (Bottero, 2015) and water resources management (Srdjevic et al., 2012). 
We identified considerably more SWOT-MCDA applications (149 cases) than any other PSM-MCDA 
combinations and therefore selected more articles (20) for the detailed analysis. Most cases (118 in 
total and 18 of the 20 selected ones), used AHP, ANP or their fuzzy versions. Kurttila et al. (2000) 
suggest in their widely cited SWOT-MCDA article (over 550 citations in Google Scholar) that because 
of its simplicity, effectiveness and ability to deal with qualitative and quantitative data, AHP combines 
well with SWOT. The qualitative nature of SWOT and its inability to prioritise the most important issues 
or to evaluate alternatives were the main impulses for SWOT-MCDA combinations.  
We identified four major ways of combining SWOT and MCDA (Fig. 2): (i) In the most common and 
simplest combination SWOT analysis is first carried out, relevant internal and external factors are 
identified and their relative importances are determined using pairwise comparisons (10 cases, e.g. 
Duchelle et al., 2012, Catron et al., 2013); (ii) In two cases the prioritised SWOT factors were used in 
the development of ecotourism (Akbulak and Cengiz, 2014) or nature protection management 
strategies (Öztürk, 2015); (iii) In two cases the SWOT framework was used to evaluate existing 
alternatives, NATURA 2000 sites (Scolozzi et al., 2014) or potential nuclear power plant sites 
(Ekmekçioglu et al., 2011); (iv) In six cases the alternatives derived from SWOT were evaluated using 
MCDA (e.g. Yüksel and Dağdeviren, 2007, Terrados et al., 2009, Sevkli et al., 2012). To include 
uncertainty, fuzzy AHP/ANP or fuzzy TOPSIS were applied in three cases (Ekmekçioglu et al., 2011, 
Sevkli et al., 2012, Baykasoğlu and Gölcuk, 2015).  
 
Figure 2. Different ways to combine SWOT and AHP in the selected cases. 
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The number of criteria used in the MCDA in the selected cases varied from 10 to 31, the average being 
19. The four SWOT groups were used as the top level MCDA criteria in all cases except one. Srdjevic et 
al. (2012) clustered SWOT factors according to the type of influence using PESTLE analysis (Political, 
Economic, Social, Technological, Legislation, Environmental, Griffiths and Wall, 2004). Bottero (2015) 
clustered SWOT factors into different topics such as environmental system, society and governance. 
We observed a tendency towards symmetry; in six of 20 cases, each SWOT group had the same number 
of factors (Shrestha et al., 2004, Sevkli et al., 2012, Catron et al., 2013). The importance of SWOT groups 
and factors was defined in different ways, either top-down (SWOT groups first, then factors within 
group, e.g. Yüksel and Dağdeviren (2007), or bottom-up (SWOT factors first, then SWOT groups, e.g. 
Catron et al. (2013). 
The identification and participation of stakeholders is a vital part of SWOT (Nikodinoska et al., 2015). 
In most SWOT-MCDA cases, stakeholders were actively engaged through questionnaires (e.g. 
Nikodinoska et al., 2015), interviews (e.g. Kajanus et al., 2004), focus groups (e.g. Catron et al., 2013), 
workshops (e.g. Margles et al., 2010) or a survey based Delphi approach (e.g. Terrados et al., 2009). 
The combination of SWOT with MCDA is mutually beneficial and provides an effective framework in 
strategic decision-making (Kurttila et al., 2000). SWOT can benefit MCDA in several ways. Firstly, SWOT 
can bring added-value to stakeholder involvement, supporting the development of a common 
language and providing a simple method to improve communication and learning (Kurttila et al., 2000, 
Kajanus et al., 2004, Margles et al., 2010, Bottero, 2015, Nikodinoska et al., 2015). Secondly, SWOT 
helps to better understand the decision situation and its underlying structure. Thirdly, it ensures that 
all relevant aspects are considered through the analysis of all SWOT factors from an internal and 
external viewpoint. Fourthly, SWOT supports developing new strategies or alternatives using a TOWS 
matrix (Weihrich, 1982, Dyson, 2004), which confronts the elements of internal quadrants 
(Strengths/Weaknesses) with those of external quadrants (Opportunities/Threats; (e.g. Terrados et al., 
2009, Sevkli et al., 2012). A SWOT-MCDA combination is also useful for visualisation; in the four-
quadrant SWOT diagram the x-axis refers to internal factors (strengths, weaknesses) and the y-axis to 
external factors (opportunities, threats); (e.g. Kurttila et al., 2000). 
As SWOT is easy to use and widely known, MCDA experts may feel much more comfortable using SWOT 
than other PSMs which may be perceived as theoretically and technically demanding (Kangas et al., 
2001). Vacik et al. (2014) evaluated 43 collaborative planning methods and identified A’WOT, 
combining SWOT and AHP (Kajanus et al., 2004), as one of the few approaches which potentially fulfils 
demands for all planning phases: problem identification, modelling and problem solving.  
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The SWOT-MCDA approach also has shortcomings (Tab. 8). Deciding which SWOT group a factor 
belongs to can be challenging. Ghazinoory et al. (2007) found that the internal and external factors 
cannot always be classified as purely positive or negative because they contain both types of effects. 
These shortcomings of SWOT may have implications for the following MCDA. Another challenge for 
MCDA is how to operate with a high number of factors identified in SWOT. To avoid double-counting 
or means objectives in MCDA, SWOT factors should be further processed, e.g. using PESTLE categories 
(Srdjevic et al., 2012) or a Value-Focused Thinking approach (Kajanus et al., 2004). In several cases, 
ANP was used to tackle the problem of interlinkages between SWOT factors (e.g. Yüksel and 
Dağdeviren, 2007, Catron et al., 2013). However, the large number of comparisons required can 
become too difficult to understand (Yu and Tzeng, 2006, Bottero, 2015). Moreover, the quantification 
of interlinkages is problematic, as in the DPSIR and ANP combinations. 
Table 8. The pros and cons of SWOT analysis and its combination with MCDA; + positive aspect, - 
negative aspect. 
Pros and cons  How SWOT benefits MCDA Challenges and issues to be aware of 
when combining 
+ Easy to use, widely known. 
+ Thinking about internal and external factors improves 
overall understanding of decision situation. 
- Provides no means to determine the relative importance 
of factors.  
Supports criteria identification and 
development of alternatives (using TOWS 
matrix). 
Can be difficult to transform SWOT 
factors to a coherent set of objectives. 
Need to be selective in using SWOT 
factors in MCDA value tree. May not 
generate all relevant factors. 
 
4.6 Scenario Planning and MCDA 
Scenario Planning is the process of developing and using a small number of contrasting scenarios to 
explore the consequences of future uncertainty surrounding a decision (Wack, 1985, Schnaars, 1987, 
Schoemaker, 1995, van der Heijden, 1996, Peterson et al., 2003). A scenario comprises an internally 
consistent narrative of one possible future world. The Shell example is presumably the most famous 
application to business strategy formation (Wack, 1985). Scenario Planning has been applied in 
environments where deep uncertainties predominate to enhance the understanding of the causal 
processes in the system, to challenge people’s conventional thinking and to improve decision-making 
(Ram and Montibeller, 2013, Wright et al., 2013). 
The integrated use of Scenario Planning and MCDA has recently gained attention (e.g. Belton and 
Stewart, 2002, Durbach and Stewart, 2003, Goodwin and Wright, 2004, Montibeller et al., 2006, Ram 
et al., 2011, Karvetski et al., 2011a, Karvetski and Lambert, 2012, Lambert et al., 2012, Stewart et al., 
2013, Scholten et al., 2015). The two approaches are complementary (Wright and Goodwin, 1999, 
Montibeller et al., 2006) and there are many mutual benefits when applied jointly. For instance, MCDA 
20 
 
does not adequately deal with the many uncertainties that arise especially in long term strategic 
decision-making contexts which, in turn, is the strength of Scenario Planning (Stewart et al., 2013). 
Stewart (1997, 2005) presents several technical issues and a thoughtful discussion concerning this 
integration and Stewart et al. (2013) give a good overview of the mutual benefits. 
The selected applications cover a wide range of domains from business to sustainable energy 
production, and differ substantially in how scenarios were built and used. Typically, the integrated 
analysis aims to evaluate the performance of alternatives in different scenarios. Below, we focus on 
describing how scenarios were used in the evaluation of alternatives. We also present approaches to 
assign weights to the criteria and to summarise the results; here MCDA provides several options which 
deserve more research.  
Scenario Planning is normally a participatory process; in nine of our ten applications stakeholders were 
involved; most extensively, in the case of Bhave et al. (2014) involving 278 participants in 14 
workshops. Straton et al. (2011) used citizens’ juries to engage local people. In contrast, Van der Pas 
et al. (2010) generated a large number of scenarios automatically based on computer simulations. 
Most cases combined qualitative participatory methods with quantitative models. Mostly a “full” 
MCDA was also realised, including assigning weights to the criteria and calculating overall priority 
values for the alternatives. However, there are large differences in the realisation of these phases and 
in the choice of MCDA methods. Stakeholder Analysis (Lienert et al., 2015), SWOT (Leskinen et al., 
2006) and Value-Focused Thinking (Montibeller et al., 2006) were used to support the structuring 
phase, and MAVT (Ram and Montibeller, 2013, Scholten et al., 2015, Montibeller et al., 2006), AHP 
(Leskinen et al., 2006) and PROMETHEE (Kowalski et al., 2009) were used to evaluate the alternatives 
in different scenarios. 
The number of criteria to evaluate alternatives or scenarios varied from three to 44 (Scholten et al., 
2015). A small number allows the transparent presentation of the criterion-by-criterion performance 
of the alternatives within the scenarios (Trutnevyte et al., 2012). The number of alternatives also varied 
substantially, from three to 24. The number of scenarios varied typically from two to six. However, this 
number was over 1,000 when scenarios were generated automatically to provide different inputs to a 
traffic model (Van der Pas et al., 2010). 
In most cases the same criteria weights were used for all scenarios (Montibeller et al., 2006, e.g. 
Kowalski et al., 2009, Straton et al., 2011, Scholten et al., 2015). Scholten (2015) chose this approach 
because scenario-dependent weights were considered highly hypothetical due to the long time 
horizon (40 years; discussed in Lienert et al., 2015). In three cases, criteria weights were assigned 
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separately for each scenario (Leskinen et al., 2006, Montibeller et al., 2006, Ram and Montibeller, 
2013). Montibeller et al. (2006) used both approaches in the same case and found that using the same 
weights for all scenarios (following Goodwin and Wright, 2001) is not always adequate because the 
stakeholders’ preferences and even the criteria can be different for different scenarios.  
In five of the ten cases, an uncertainty analysis was performed to analyse how the rankings or priority 
values of alternatives varied across scenarios (e.g. Kowalski et al., 2009, Scholten et al., 2015). Others 
used a cost-equivalent technique to compare the performance across scenarios (Ram et al., 2011, Ram 
and Montibeller, 2013), or calculated aggregate rankings over the scenarios (e.g. Kowalski et al., 2009). 
This is criticized by Montibeller et al. (2006) as being against the exploratory spirit of Scenario Planning.  
Scenario Planning has benefitted MCDA in several ways. Firstly, MCDA does not inherently include 
techniques that encourage people to think about potential future trends and deep uncertainties, or 
that challenge their worldviews (Comes et al., 2013). Secondly, scenario building provides a natural, 
interesting and stimulating way for stakeholder participation (Lienert et al., 2015). Thirdly, it helps to 
frame stakeholder interactions in a task-oriented manner by focusing on future scenarios, goals and 
activities (Bizikova and Krcmar, 2015). Fourthly, scenarios, when developed by a heterogeneous team, 
can enhance and clarify thinking and identify reasons for conflicts (Kowalski et al., 2009, Stewart et al., 
2013, Wright et al., 2013).  
How does MCDA benefit Scenario Planning? Scenario Planning does not per se provide sophisticated 
evaluation techniques to assess the relative performance of alternatives (Durbach and Stewart, 2003). 
MCDA aggregates multi-dimensional information, reducing the complexity of the scenario information 
in a transparent way (e.g. Kowalski et al., 2009). Explicit introduction of evaluation criteria into Scenario 
Planning can catalyse creativity and clarify the goals of participants (Stewart et al., 2013). MCDA 
encourages decision-makers to express their preferences for strategies; considering future scenarios 
can support developing strategic values (Montibeller et al., 2006). MCDA can also help participants see 
how conflicting objectives could be balanced (Bizikova and Krcmar, 2015). 
The integration of MCDA and scenario analysis is promising, but methodologically challenging (e.g. 
Kowalski et al., 2009, Ram and Montibeller, 2013). The combination adds an additional dimension to 
the already extensive preparation required for Scenario Planning (e.g. Bizikova and Krcmar, 2015) and 
to potentially complex MCDA-analyses (e.g. Lienert et al., 2015). Possible comparisons of the outcomes 
of alternatives in each scenario may be time-consuming and cognitively demanding (e.g. Montibeller 
et al., 2006, Ram et al., 2011). One difficulty in assessing the performance of strategies in Scenario 
Planning is that they consist of sub-options which have to be considered simultaneously (e.g. 
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Montibeller et al., 2006). Inclusion of the different perspectives of multiple decision makers in group 
negotiation can add to the challenge (Ram et al., 2011). For instance, Scholten et al. (2015) carried out 
forty independent MCDA calculations, one for each of four scenarios and each of ten stakeholders. To 
improve the efficiency of MCDA and to reduce the cognitive load of participants, Karvetski et al. 
(2011a, 2011b) developed an approach which simplifies elicitation of preference weights, as the entire 
value function is not totally reconstructed per scenario. 
Table 9. The pros and cons of scenario planning and its combination with MCDA; + positive aspect, - 
negative aspect. 
Pros and cons  How scenario planning benefits MCDA Challenges and issues to be aware of 
when combining 
+ Encourages to think about different possible futures. 
+ Challenges people’s conventional thinking. 
- Design of scenarios can be demanding and laborious. 
- No “inbuilt” tools for comparing alternatives/ strategies. 
-Skilful facilitator needed in complex cases. 
Can broaden scope of MCDA to analyse 
problems with long time horizons and 
encourage creativity in developing new 
alternatives. Scenarios can be used to explore 
the robustness of alternatives. 
Interpretation and elicitation of criteria 
importance weights can be challenging 
(depends on approach). 
4.7 Problem structuring methodologies and MCDA 
Rosenhead and Mingers (2001) present five problem structuring methodologies in their seminal book, 
three of which were included in this study, namely Strategic Options Development and Analysis 
(SODA), Soft Systems Methodology (SSM) and Strategic Choice Approach (SCA). These methodologies 
are generally applicable and the most widely known (Belton and Stewart, 2010). For instance, SSM has 
been used in a large variety of problems, especially organisational restructuring, information systems 
development and performance evaluation (Mingers and Rosenhead, 2004). In addition, Strategic 
Assumptions Surfacing and Testing method (SAST, Mitroff and Emshoff, 1979), which can be applied 
as a dialectical approach to policy and planning, was included in our study. 
We found only fourteen articles where these methodologies and MCDA were combined 
(Supplementary material, Tab. S-3f). Four of these papers cover a single case where CM/SODA was 
employed (e.g. Ferreira et al., 2011, see section 4.3). SSM or parts of it was applied in eight articles, 
SCA in two and SAST in one. Therefore, we included two application papers describing the joint use of 
SSM and MCDA which were published in books (Belton and Stewart, 2010, Cerreta et al., 2012).  
The diversity of applications is high, covering strategic planning in the public sector (Bana e Costa et 
al., 2014), large road and railway projects (Cerreta et al., 2012, Rolando, 2015), flood management 
(Suriya and Mudgal, 2013b), information and communication technology (Petkov et al., 2007), energy 
efficiency (Neves et al., 2009) and physical health (Longaray et al., 2014). The number of PSMs and 
MCDA methods within one case varied from one (Rolando, 2015) to seven (Bana e Costa et al., 2014).  
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In some cases, the whole methodology was applied (e.g. Neves et al., 2009, Coelho et al., 2010, Suriya 
and Mudgal, 2013b), others used only parts of it (Petkov et al., 2007, Bana e Costa et al., 2014). The 
level of use of MCDA varied from a significant contribution to a superficial discussion (Coelho et al., 
2010, Rolando, 2015) of its potential merits if combined with soft system approaches. Bana e Costa et 
al. (2014) give a detailed description of the design and realisation of a negotiation process in which 
Value-Focused Thinking (VFT) and MACBETH were combined with Causal Mapping and AIDA (Analysis 
of Interconnected Decision Areas) from SCA. Neves et al. (2009) provide a step-by-step account of how 
they used SSM and its methods (Rich Picture, CATWOE, conceptual modelling) together with VFT to 
identify objectives in studying energy efficiency. They describe systematically what new perspectives 
and objectives different methods brought to the process.  
Various reasons motivated the choice of the methods. Coelho et al. (2010) selected SSM because of its 
flexibility in describing the situation context, the stakeholders’ roles and the interpretation of the inter-
related problems, and also because the authors’ background was in systems engineering. Neves et al. 
(2009) applied SSM to generate a “cloud of objectives” and structure them as a value tree. Suriya and 
Mudgal (2013b) used SSM in a flood management case because of its usefulness to seek solutions in 
complex and messy problems. Bana e Costa et al. (2014) preferred a socio-technological multi-
methodology approach to reach consensus between multiple stakeholders with potentially opposed 
interests. Petkov et al. (2007) wanted to bridge past achievements of decision support systems (various 
software) with recent developments in soft systems thinking. 
Combined uses of SSM and MCDA have enabled the analysts/facilitators to handle complex decision 
problems characterised by many stakeholders, variables and a high level of uncertainty, and to develop 
dynamic evaluation processes with the aim of identifying joint gains and compromises (e.g. Coelho et 
al., 2010, Cerreta et al., 2012, Bana e Costa et al., 2014). SSM can be used to model multiple relevant 
systems, each one potentially bringing a fresh perspective on the elicitation of objectives (Neves et al., 
2009). It can offer a framework for participatory planning, help stakeholders to understand and 
visualise issues holistically (Petkov et al., 2007, Suriya and Mudgal, 2013b), bridge the structuring and 
the alternative evaluation phases of an intervention (Coelho et al., 2010), and structure learning and 
debate (Neves et al., 2009). Similar benefits were also reported in the SAST and SCA cases (Petkov et 
al., 2007, Rolando, 2015). SSM can also be a viable alternative to mapping-based PSMs in helping to 
reveal objectives for structuring a value tree (Neves et al., 2009).  
The main challenges in combining MCDA and the soft systems approaches are related to time and 
expertise. From practical point of view, the cases where parts of a broader methodology such SSM, 
SAST, SCA, SODA were applied together with MCDA (Petkov et al., 2007, Bana e Costa et al., 2014) are 
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interesting for a number of reasons. Firstly, using a broader methodology may be especially demanding 
for MCDA practitioners as MCDA-type analyses which quantify judgments require different skills to the 
facilitation of group processes (Munro and Mingers, 2002). Using these methods without the support 
of an experienced facilitator can be challenging and developing confidence in applying a new 
methodology in its entirety might be considered as too challenging. The small number of documented 
cases where a generic problem structuring methodology has been applied together with MCDA may 
be indicative of this. Therefore, it may make more sense from a practitioner’s point of view to select 
the most promising elements of a methodology. Secondly, the overall cost and efficiency of projects 
(for example, in terms of the time commitment required of participants and stakeholders) is often 
important and it may be appropriate to select only those elements of the methodology which are 
potentially most beneficial. Thirdly, it is important to maintain participants’ engagement, which could 
be challenged if there is a perception that (even partially) redundant methods are being used. For 
example, Petkov et al. (2007) noted that because different approaches address the same aspect of a 
problem such stakeholder identification (albeit in a different manner and with the intention of 
increasing learning about the issue) this may be perceived as “repetition” unless carefully managed by 
the facilitator.  
Table 10. The pros and cons of different problem structuring methodologies and of their combination 
with MCDA; + positive aspect, - negative aspect. 
Pros and cons  How problem structuring methodologies 
benefit MCDA 
Challenges and issues to be aware of 
when combining 
Soft Systems Methodology (SSM)    
+ Encourages looking at a decision from new perspectives, 
leading to fresh insights. 
+ Stimulates thinking. 
+ Individual components can easily be used (e.g. CATWOE). 
- Skilful facilitator needed to use the overall methodology. 
Improved understanding of problem and 
different perspectives can help in defining goal 
of MCDA, building value tree and developing 
alternatives. 
Combining whole methodology with 
MCDA can be very demanding and may 
only be feasible for experienced 
facilitator (often two facilitators guide 
intervention). 
 
Strategic Assumptions Surfacing and Testing (SAST) 
+ Encourages people to discuss the assumptions why they 
favour particular alternative. 
Improved understanding of the relationship 
between underlying assumptions can help in 
building value tree and developed 
alternatives. 
 
Strategic Choice Approach (SCA) 
+ Particularly helpful in defining options in complex 
decision situations (e.g. when there are multiple decision 
areas to consider and/ or sequential considerations). 
Process was developed to explore complex 
planning situations and it incorporates 
analysis from a multi-criteria perspective. 
 
 
5. Discussion 
25 
 
In this section we present a synthesis of the findings aiming to provide inspiration and guidance with 
regard to effective problem structuring for MCDA practice and also to stimulate further research in the 
synthesis of these complementary approaches to problem resolution.  
5.1 Different ways to combine PSMs with MCDA  
The methodologies and methods can be combined in several ways, as discussed in the general OR/MS 
literature (Mingers and Brocklesby, 1997, Kotiadis and Mingers, 2006, Mingers, 2007, Belton and 
Stewart, 2010). The main distinctions are whether the methodologies come from the same or different 
paradigms; the number of methodologies/methods used; whether whole methodologies are used or 
parts; and how they are integrated. The following categorization illustrates the forms of integration 
exemplified by the cases studied (Fig. 3): 
• Sequential: one or more PSMs inform the subsequent MCDA. This is most commonly used and 
we found many examples. Examples applying a single PSM with MCDA include: Stakeholder 
Analysis (Nordström et al., 2010), SWOT (Kurttila et al., 2000), DPSIR (Chung and Lee, 2009) 
and Cognitive Mapping (Bana e Costa et al., 2006). In 19 articles multiple PSMs were used 
(Petkov et al., 2007, Bana e Costa et al., 2014, Lienert et al., 2015).  
• Embedded: MCDA is embedded within a generic problem structuring process, as illustrated in 
the cases which combine SODA and MAVA (Belton et al., 1997, Ferreira et al., 2011). The 
overall process is similar to that of SODA although the nature of the analysis and the outcomes 
of using the Group Map are differently focused than in a classic SODA intervention.  
• Integrated implementation: The combination of scenario analysis and MCDA moves from a 
more independent consideration of the two perspectives to an integrated analysis. Initially, 
the options and the evaluation criteria are identified using MCDA; the scenarios which 
anticipate potential futures are constructed using scenario analysis. In the subsequent 
integrated analysis the options are evaluated in the context of each scenario and overall 
performances across scenarios are compared. Six of the SWOT-MCDA cases also used the two 
methods in an integrated way (section 4.5, Fig. 3). 
 
Each of the above combinations could be termed “selective” or “complete”. The “selective” approach, 
in which some elements of the PSM methodology are combined with MCDA, is illustrated by cases 
where SSM was used with MCDA (Neves et al., 2009, Cerreta et al., 2012, Suriya and Mudgal, 2013a), 
in one of the three SAST cases (Petkov et al., 2007) and in the use of the AIDA (Analysis of 
Interconnected Decision Areas) method of SCA (Bana e Costa et al., 2014). Two of the cases which used 
SSM with MCDA are examples of a “complete” combination in that all of the constituent methods of 
SSM were used to understand the problem context and inform the development of the MCDA model 
(Petkov et al., 2007, Belton and Stewart, 2010). 
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Figure 3. Three different ways to combine PSMs with MCDA. 
In some cases a particular combination of approaches defines a hybrid method or decision support 
system, for example, the MULINO-DSS which links DPSIR and MCDA (e.g. Giupponi et al., 2004), and 
the A’WOT method which originally combined SWOT and AHP (Kurttila et al., 2000) but later also other 
MCDA methods (Kajanus et al., 2012). 
5.2 The contribution of PSMs to problem structuring for MCDA 
This section summarises the potential benefits of using PSMs in different phases of problem structuring 
(Tab. 11). Clearly, different methods have different purposes and therefore several methods may be 
needed to cover all phases of problem structuring. Some methods, such as Stakeholder Analysis, have 
a very narrow scope, whereas the more general approaches, Soft Systems Methodology (SSM) and 
Strategic Choice Approach (SCA) can support most phases.  
• Stakeholder identification: Stakeholder Analysis provides a systematic way to identify key 
stakeholders and to define their roles. CATWOE, which is part of SSM, can also assist in 
identifying stakeholders (customers, actors, owners) and their perspectives on a problem.  
• Identifying criteria and attributes: Cognitive and Group Maps have been used to develop a 
comprehensive set of indicators. They can also help to identify fundamental objectives and 
distinguish them from means objectives. Likewise, SWOT and DPSIR can help to identify 
relevant factors in a studied system. However, these factors have to be transformed to 
fundamental objectives, and means objectives need to be excluded before they can be used 
in a value tree. The generation and evaluation of options in complex planning situations is at 
the heart of SCA and part of the process is to define criteria and attributes for each 
“comparison area”. SSM can provide an alternative to mapping-based problem structuring 
methods in helping to reveal objectives. 
• Developing alternatives: The DPSIR framework can stimulate thinking about alternatives 
because responses are considered in four different levels: driving forces, pressures, states and 
impacts. SWOT factors can be used in the systematic generation of alternatives through the 
use of the TOWS matrix or SWOT quadrants. In SCA a complex problem is divided into 
27 
 
sequential sub-problems and for each of them decision areas summarising key open questions 
and potential options are determined. 
• Identifying uncertainties in the external environment: External SWOT factors (opportunities 
and threats) can provide insights to scenario development, although we did not find any such 
cases. Each future scenario can have its own SWOT analysis (Kurttila et al., 2000). Scenario 
Planning is a powerful method to explore external uncertainties. In SCA uncertainties of three 
types are systematically explored: those related to the working environment, guiding values 
and related choices. SAST encourages the generation of assumptions by different stakeholder 
groups which may include conjectures of future development. 
Table 11. Level of support provided by PSMs to different aspects of problem structuring for MCDA.  
 
* Stakeholder Analysis is typically part of the method(ology)  
** SSM includes CATWOE, Root Definitions, Rich Picture, 3Es (Efficacy, Efficiency, Effectiveness) 
Note: Estimates are tentative and capture our reflections on the achieved synergies if PS methods are used as typically described. 
PSMs may be divided into three groups in terms of their ease of use. Firstly, methods such as 
Stakeholder Analysis, SWOT and DPSIR are relatively easy to understand to a level that enables MCDA 
practitioners to make effective use of them. For the second group, more in depth training and 
mentoring is required, but the methods can also be effectively applied by MCDA practitioners, 
particularly if the case is not too complex and the group of participants is relatively small. We consider 
the different mapping techniques (CMs/GMs), elements of SSM (e.g. CATWOE and Rich Pictures) and 
Scenario Planning to lie in this group. Effective use of the general problem structuring methodologies 
(SSM, SODA, and SCA) requires strong facilitation skills in conjunction with understanding of the 
associated methods; developing these takes time and can benefit from working with an experienced 
analyst/facilitator. It is common for two facilitators to guide stakeholder interactions when these more 
demanding methods are combined with MCDA; one who is familiar with the PSM and one who knows 
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MCDA (Belton et al., 1997, Franco and Lord, 2011). It should be noted, however, that the apparent 
simplicity of some methods, for example, DPSIR and Scenario Planning, can give a misleading 
impression of the skills required in their application (Wright et al., 2013). In general, the ease of use 
and required effort go hand in hand.  
5.3 Benefits and challenges when combining PSMs and MCDA 
The importance of problem structuring for MCDA is now clearly acknowledged in the MCDA literature 
and, as this review illustrates, MCDA practitioners increasingly seek to utilise methodologies that can 
support their interventions. Specifying objectives, defining associated criteria and developing value 
trees for relevant methods have long been a core consideration of MCDA (e.g. Keeney and Raiffa, 
1976). However, MCDA per se does not incorporate procedures to assist with problem definition, 
Stakeholder Analysis, developing alternatives and the exploration of uncertainty. As the analysed cases 
show (sections 4.2–4.7, summarised in Tabs. 6-10), it is beneficial to complement MCDA with methods 
that specifically and systematically support these tasks, ensuring more in depth consideration of 
broader issues and the perspectives of all interested parties. This reduces the risk of “solving the wrong 
problem” or recommending an inappropriate solution. Careful structuring can also help in designing 
the MCDA process and choosing the most appropriate MCDA method.  
Our research also highlighted some potential problems in the combined use of PSMs and MCDA. Most 
of these relate to building a value tree and/or to assigning importance weights to the criteria. Problems 
are most likely to arise in relation to methods which encourage the generation of many factors (e.g. 
SWOT and DPSIR), particularly if all factors are then used directly to construct a value tree without 
carefully considering their interdependence and the requirements of a good value tree (see e.g. 
Keeney, 2007). Another concern applies equally to the field of MCDA; namely that very general 
questions are used to elicit the importance weights for the factors generated and used as criteria 
without appropriate interpretation of these in the context of the MCDA method. This topic has been 
widely discussed in the MCDA literature (e.g. Morton and Fasolo, 2009).  
Access to clear and informative accounts of successful combinations of PSMs and MCDA can be an 
effective stimulus for future applications. We refer the reader to the following excellent articles in 
which the combination of different methods was clearly presented in an easy to understand and highly 
illustrative way (e.g. Kurttila et al., 2000, Neves et al., 2009, Trutnevyte et al., 2011, Ram and 
Montibeller, 2013, Bana e Costa et al., 2014, Bottero, 2015, Lienert et al., 2015) or had an excellent 
evaluation or discussion section (e.g. Margles et al., 2010, Franco and Lord, 2011, Straton et al., 2011, 
Kajanus et al., 2012, Johnston et al., 2013). 
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5.4 Research needs 
There is still much room for innovation and research in the combined use of PSMs and MCDA. More 
guidance is needed regarding which method combinations are potentially most effective in different 
decision situations. Testing different method combinations in different types of problems would be 
useful to better understand their potential, limitations, ease of use and resource needs. However, the 
opportunity to do this in authentic contexts which engage appropriately skilled facilitators and analysts 
is limited. In this regard, the field could benefit from large scale collaborative research. 
There is also a need to further explore the benefits which can be achieved with relative ease. For 
instance, as shown in some of the cases, it is possible to benefit from the independent use of simpler 
methods which are part of a broader methodology, e.g. CATWOE or Rich Pictures from Soft Systems 
Methodology. Furthermore, there are other approaches which can support problem structuring and 
have an affinity with MCDA but were not included here, for instance: the Balanced Scorecard (Kaplan 
and Norton, 1992), Force Field Analysis (Lewin, 1951) and Morphological Analysis (Ritchey, 2006). 
The perceived challenges of the joint use of PSM and MCDA should be addressed. This could be assisted 
by good guidance material alongside the publication of case studies (whether successful or not, as 
much can be learned from both). An important research topic is whether procedures can be developed 
which help to convert the outcome of a PSM (e.g. diagram, factor list) to a value tree. 
We found that many of the articles described in detail the methods used but lacked a systematic 
evaluation. We strongly encourage the use of systematic a posteriori evaluation to inform further 
research, including meta analyses, and to promote the development of methods which meet practical 
needs. Critical self-evaluation should be complemented with participants’ views on the processes of 
stakeholder engagement as these can differ from the facilitators’ own opinions. 
5.5 Limitations of the study 
Although we used sound search practices to identify articles, we cannot be sure that all relevant 
articles were included. One reason is the vagueness in terminology; people use terms in different ways, 
therefore, reading only the abstract in the initial phase (as we did) does not always provide sufficient 
information to make valid judgments. Second, some articles did not mention all used methods in the 
title, abstract or key words, and hence some relevant articles may have been missed. For instance, 
systematic Stakeholder Analysis could have been realised in more cases than we discovered. For time 
reasons, it was not possible to read all initially detected 333 articles in detail. Following the practice of 
other extensive literature reviews (e.g. Huang et al., 2011a) we based our initial overview of 
publications on the title, abstract and keywords. Third, the search was limited to English language 
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journals. Fourth, there was some subjectivity in the selection of the articles for the in-depth analysis. 
Although, we used predefined criteria for the selection another person may have ended up with a 
different set of applications. In spite of these deficiencies, however, the present collection of cases is 
extensive and versatile enough to provide data for sound arguments concerning the state-of-the-art 
of the joint use of PSMs and MCDA.  
6 Conclusions 
The primary aims of this study were to explore how extensively PSMs and MCDA methods are applied 
together, how they are combined and what are the associated benefits and challenges. To answer 
these questions, we carried out an extensive literature search covering eight PSMs and seven MCDA 
methods. To our knowledge, this article is the first to comprehensively analyse the combined use of a 
wide variety of PSMs and MCDA methods across different application areas. 
Different PSMs have different purposes and therefore several methods are needed to address all 
phases of problem structuring. PSMs and MCDA are complementary methods and when applied 
together there are many synergies and mutual benefits. Combining PSMs and MCDA produces a richer 
view of the decision situation and provides a methodology which can better handle the various phases 
of decision-making. Identifying PSM-MCDA combinations which are most effective in specific decision 
situations is an important research topic. 
SWOT, Scenario Planning and DPSIR were the three most commonly used PSMs. In 40% of the articles 
SWOT was combined with an MCDA method. The popularity of SWOT and MCDA combinations 
suggests that a familiar and easy to use method lowers the threshold for combining it with MCDA. The 
small number of articles that combine SSM, SODA, SAST or SCA with MCDA was a surprise to us, given 
the potential and flexibility of these methodologies. As discussed above, it may be attributed to the 
fact that these more comprehensive PSM methodologies are perceived to be complex and do require 
additional or different skills from a facilitator to a classical MCDA. 
We also discovered some limitations and problems in combining PSMs and MCDA, most importantly 
relating to building a value tree and assigning importance weights to the criteria. Developing 
procedures which help to combine different methods in a meaningful and theoretically sound way is 
an important area for future research; there is still much room for innovation and research. The 
potential benefits of combining PSMs and MCDA methods are not yet fully-recognized among MCDA 
practitioners and researchers and we encourage our colleagues to further explore this in their work. 
Acknowledgments 
31 
 
We thank Melanie Graf, Pascal Bücheler and Marius Schneider for the technical assistance and the 
Directorate of the Swiss Federal Institute of Aquatic Science and Technology (Eawag) for research 
funding. 
Supplementary materials 
Supplementary material associated with this article can be found, in the online version at doi:XXXXX. 
 
REFERENCES  
ACKERMANN, F. & EDEN, C. 2010. Strategic Options Development and Analysis, Springer London. 
ADRIANTO, L., MATSUDA, Y. & SAKUMA, Y. 2005. Assessing local sustainability of fisheries system: a 
multi-criteria participatory approach with the case of Yoron Island, Kagoshima prefecture, 
Japan. Marine Policy, 29, 9-23. doi:10.1016/j.marpol.2004.01.004. 
AKBULAK, C. & CENGIZ, T. 2014. Determining ecotourism strategies using A’WOT hybrid method: case 
study of Troia Historical National Park, Çanakkale, Turkey. International Journal of Sustainable 
Development & World Ecology, 21, 380-388. doi:10.1080/13504509.2014.903383. 
AZARNIVAND, A. & CHITSAZ, N. 2015. Adaptive policy responses to water shortage mitigation in the 
arid regions—a systematic approach based on eDPSIR, DEMATEL, and MCDA. Environmental 
Monitoring and Assessment, 187. doi:10.1007/s10661-014-4225-4. 
BANA E COSTA, C. A., ENSSLIN, L., CORREA, E. C. & VANSNICK, J. C. 1999. Decision Support Systems in 
action: Integrated application in a multicriteria decision aid process. European Journal of 
Operational Research, 113, 315-335. doi:10.1016/S0377-2217(98)00219-7. 
BANA E COSTA, C. A., FERNANDES, T. G. & CORREIA, P. V. D. 2006. Prioritisation of public investments 
in social infra-structures using multicriteria value analysis and decision conferencing: A case-
study. International Transactions in Operational Research, 13, 279-297 
BANA E COSTA, C. A., LOURENCO, J. C., OLIVEIRA, M. D. & BANA E COSTA, J. C. 2014. A socio-technical 
approach for group decision support in public strategic planning: The Pernambuco PPA case. 
Group Decision and Negotiation, 23, 5-29. doi:10.1007/s10726-012-9326-2. 
BANA E COSTA, C. A. & VANSNICK, J. C. 1999. The Macbeth approach: Basic ideas, software, and an 
application. Advances in Decision Analysis, 4, 131-157. 
BANVILLE, C., LANDRY, M., MARTEL, J. M. & BOULAIRE, C. 1998. A stakeholder approach to MCDA. 
Systems Research and Behavioral Science, 15, 15-32. doi:10.1002/(Sici)1099-
1743(199801/02)15:1<15::Aid-Sres179>3.0.Co;2-B. 
BAYKASOĞLU, A. & GÖLCUK, I. 2015. Development of a novel multiple-attribute decision making model 
via fuzzy cognitive maps and hierarchical fuzzy TOPSIS. Information Sciences, 301, 75-98. 
doi:10.1016/j.ins.2014.12.048. 
BEHZADIAN, M., KAZEMZADEH, R. B., ALBADVI, A. & AGHDASI, M. 2010. PROMETHEE: A 
comprehensive literature review on methodologies and applications. European Journal of 
Operational Research, 200, 198-215. doi:10.1016/j.ejor.2009.01.021. 
BEHZADIAN, M., KHANMOHAMMADI OTAGHSARA, S., YAZDANI, M. & IGNATIUS, J. 2012. A state-of 
the-art survey of TOPSIS applications. Expert Systems with Applications, 39, 13051-13069. 
doi:10.1016/j.eswa.2012.05.056. 
BELTON, V., ACKERMANN, F. & SHEPHERD, I. A. N. 1997. Integrated support from problem structuring 
through to alternative evaluation using COPE and V·I·S·A. Journal of Multi-Criteria Decision 
Analysis, 6, 115-130. doi:10.1002/(SICI)1099-1360(199705)6:3<115::AID-MCDA140>3.0.CO;2-
I. 
BELTON, V. & STEWART, T. J. 2002. Multiple criteria decision analysis - An integrated approach, Boston, 
Kluwer. 
BELTON, V. & STEWART, T. J. 2010. Problem structuring and Multiple Criteria Decision Analysis. In: 
EHRGOTT, M., FIGUEIRA, J. R. & GRECO, S. (eds.) Trends in Multiple Criteria Decision Analysis. 
Springer US. 
32 
 
BENINI, L., BANDINI, V., MARAZZA, D. & CONTIN, A. 2010. Assessment of land use changes through an 
indicator-based approach: A case study from the Lamone river basin in Northern Italy. 
Ecological Indicators, 10, 4-14. doi:10.1016/j.ecolind.2009.03.016. 
BHAVE, A. G., MISHRA, A. & RAGHUWANSHI, N. S. 2014. A combined bottom-up and top-down 
approach for assessment of climate change adaptation options. Journal of Hydrology, 518, 
150-161. doi:10.1016/j.jhydrol.2013.08.039. 
BIZIKOVA, L. & KRCMAR, E. 2015. Integrated scenario planning and Multi-Criteria Decision Analysis 
framework with application to forest planning. Open Journal of Forestry, 05, 139-153. 
doi:10.4236/ojf.2015.52014. 
BORZONI, M., RIZZI, F. & FREY, M. 2014. Geothermal power in Italy: A social multi-criteria evaluation. 
Renewable Energy, 69, 60-73. doi:10.1016/j.renene.2014.03.026. 
BOTTERO, M. 2015. A multi-methodological approach for assessing sustainability of urban projects. 
Management of Environmental Quality: An International Journal, 26, 138-154. 
doi:10.1108/meq-06-2014-0088. 
BOTTERO, M. & FERRETTI, V. 2010. An analytic network process-based approach for location problems 
the case of a new waste incinerator plant in the Province of Torino (Italy). Journal of Multi-
Criteria Decision Analysis, 17, 63-84. doi:10.1002/mcda.456. 
BRANS, J. P., VINCKE, P. & MARESCHAL, B. 1986. How to select and how to rank projects - The 
PROMETHEE method. European Journal of Operational Research, 24, 228-238. 
doi:10.1016/0377-2217(86)90044-5. 
CATRON, J., STAINBACK, G. A., DWIVEDI, P. & LHOTKA, J. M. 2013. Bioenergy development in Kentucky: 
A SWOT-ANP analysis. Forest Policy and Economics, 28, 38-43. 
doi:10.1016/j.forpol.2012.12.003. 
CERRETA, M., PANARO, S. & CANNATELLA, D. 2012. Multidimensional Spatial Decision-Making Process: 
Local Shared Values in Action. Computational Science and Its Applications - Iccsa 2012, Pt Ii, 
7334, 54-70. 
CHECKLAND, P. & SCHOLES, J. 1990. Soft Systems Methodology in Action, New York, John Wiley. 
CHUNG, E. S. & LEE, K. S. 2009. Prioritization of water management for sustainability using hydrologic 
simulation model and multicriteria decision making techniques. Journal of Environmental 
Management, 90, 1502-11. doi:10.1016/j.jenvman.2008.10.008. 
COELHO, D., ANTUNES, C. H. & MARTINS, A. G. 2010. Using SSM for structuring decision support in 
urban energy planning. Technological and Economic Development of Economy, 16, 641-653. 
doi:10.3846/tede.2010.39. 
COMES, T., HIETE, M. & SCHULTMANN, F. 2013. An approach to multi-criteria decision problems under 
severe uncertainty. Journal of Multi-Criteria Decision Analysis, 48, 29-48. 
doi:10.1002/mcda.1487. 
COOPER, P. 2013. Socio-ecological accounting: DPSWR, a modified DPSIR framework, and its 
application to marine ecosystems. Ecological Economics, 94, 106-115. 
doi:10.1016/j.ecolecon.2013.07.010. 
CUOZZO, V. 2014. Integrated assessment for a sustainable valorization project. Italian Journal of 
reguional Science, 13, 71-92 
DUCHELLE, A. E., GUARIGUATA, M. R., LESS, G., ALBORNOZ, M. A., CHAVEZ, A. & MELO, T. 2012. 
Evaluating the opportunities and limitations to multiple use of Brazil nuts and timber in 
Western Amazonia. Forest Ecology and Management, 268, 39-48. 
doi:10.1016/j.foreco.2011.05.023. 
DURBACH, I. & STEWART, T. J. 2003. Integrating scenario planning and goal programming. Journal of 
Multi-Criteria Decision Analysis, 12, 261-271. doi:10.1002/mcda.362. 
DYSON, R. G. 2004. Strategic development and SWOT analysis at the University of Warwick. European 
Journal of Operational Research, 152, 631-640. doi:10.1016/S0377-2217(03)00062-6. 
EDEN, C. 1992. On the nature of cognitive maps. Journal of Management Studies 29, 261-265 
33 
 
EDEN, C. & ACKERMANN, F. 1998. Detecting emergent strategizing: Working with strategy making 
teams – the oval mapping technique making strategy. The Journey of Strategic Management 
Sage Publications. 
EEA 1995. Europe's environment: The Dobris assessment. Copenhagen: European Environmental 
Agency. 
EISENFÜHR, F., WEBER, M. & LANGER, T. 2010. Rational decision making, Berlin, Springer. 
EKMEKÇIOGLU, M., CAN KUTLU, A. & KAHRAMAN, C. 2011. A Fuzzy Multi-Criteria SWOT Analysis: An 
application to nuclear power plant site selection. International Journal of Computational 
Intelligence Systems, 4, 583-595. doi:10.1080/18756891.2011.9727814. 
ENSSLIN, L., DUTRA, A. & ENSSLIN, S. R. 2000. MCDA: A constructivist approach to the management of 
human resources at a governmental agency. International Transactions in Operational 
Research, 7, 79-100. doi:10.1111/j.1475-3995.2000.tb00186.x. 
FASSIO, A., GIUPPONI, C., HIEDERER, R. & SIMOTA, C. 2005. A decision support tool for simulating the 
effects of alternative policies affecting water resources: an application at the European scale. 
Journal of Hydrology, 304, 462-476. doi:10.1016/j.jhydrol.2004.07.048. 
FERREIRA, F., A., SANTOS, S., P.  & RODRIGUES, P., M.,M. 2011. Adding value to bank branch 
performance evaluation using cognitive maps and MCDA: a case study. Journal of the 
Operational Research Society 62, 1320–1333. doi:10.1057/jors.2010.111. 
FERREIRA, F. A. F., SPAHR, R. W., SANTOS, S. P. & RODRIGUES, P. M. M. 2012. A multiple criteria 
framework to evaluate bank branch potential attractiveness. International Journal of Strategic 
Property Management, 16, 254-276. doi:10.3846/1648715x.2012.707629. 
FRANCO, L. A. & LORD, E. 2011. Understanding multi-methodology: Evaluating the perceived impact 
of mixing methods for group budgetary decisions. Omega, 39, 362-372. 
doi:10.1016/j.omega.2010.06.008. 
FRANCO, L. A. & MONTIBELLER, G. 2010. Facilitated modelling in operational research. European 
Journal of Operational Research, 205, 489-500. doi:10.1016/j.ejor.2009.09.030. 
FRANCO, L. A. & MONTIBELLER, G. 2011. Problem structuring for multicriteria decision analysis 
interventions, Oxford, John Wiley & Sons, Inc. 
FRENCH, S., MAULE, J. & PAPAMICHAIL, N. 2009. Decision behaviour, analysis and support, New York, 
NY, Cambridge University Press. 
FRENCH, S., SIMPSON, L., ATHERTON, E., BELTON, V., DAWES, R., EDWARDS, W., HÄMÄLÄINEN, R. P., 
LARICHEV, O., LOOTSMA, F., PEARMAN, A. & VLEK, C. 1998. Problem formulation for multi-
criteria decision analysis: Report of a workshop. Journal of Multi-Criteria Decision Analysis, 7, 
242–262.  
GAMBOA, G. 2006. Social multi-criteria evaluation of different development scenarios of the Aysén 
region, Chile. Ecological Economics, 59, 157-170. doi:10.1016/j.ecolecon.2005.10.014. 
GARI, S. R., NEWTON, A. & ICELY, J. D. 2015. A review of the application and evolution of the DPSIR 
framework with an emphasis on coastal social-ecological systems. Ocean & Coastal 
Management, 103, 63-77. doi:10.1016/j.ocecoaman.2014.11.013. 
GARMENDIA, E., GAMBOA, G., FRANCO, J., GARMENDIA, J. M., LIRIA, P. & OLAZABAL, M. 2010. Social 
multi-criteria evaluation as a decision support tool for integrated coastal zone management. 
Ocean & Coastal Management, 53, 385-403. doi:10.1016/j.ocecoaman.2010.05.001. 
GENELETTI, D. 2010. Combining stakeholder analysis and spatial multicriteria evaluation to select and 
rank inert landfill sites. Waste Management, 30, 328-337. doi:10.1016/j.wasman.2009.09.039. 
GHAZINOORY, S., ZADEH, A. E. & MEMARIANI, A. 2007. Fuzzy SWOT analysis. Journal of Intelligent & 
Fuzzy Systems, 18, 99-108. 
GIUPPONI, C., MYSIAK, J., FASSIO, A. & COGAN, V. 2004. MULINO-DSS: A computer tool for sustainable 
use of water resources at the catchment scale. Mathematics and Computers in Simulation, 64, 
13-24. doi:10.1016/j.matcom.2003.07.003. 
GOODWIN, P. & WRIGHT, G. 2001. Enhancing strategy evaluation in scenario planning: A role for 
decision analysis. Journal of Management Studies, 38, 1-16. doi:10.1111/1467-6486.00225. 
GOODWIN, P. & WRIGHT, G. 2004. Decision analysis for management judgment, Chichester, J. Wiley. 
34 
 
GREGORY, R., FAILING, L., HARSTONE, M., LONG, G., MCDANIELS, T. & OHLSON, D. 2012. Structured 
decision making: A practical guide to environmental management choices, Chichester, Wiley-
Blackwell. 
GRIFFITHS, A. & WALL, S. 2004. Economics for business and management. A Student Text., Pearson 
Books. 
GRIMBLE, R. & WELLARD, K. 1997. Stakeholder methodologies in natural resource management: A 
review of principles, contexts, experiences and opportunities. Agricultural Systems, 55, 173-
193. doi:10.1016/S0308-521x(97)00006-1. 
HERMANS, L. M. & THISSEN, W. A. H. 2009. Actor analysis methods and their use for public policy 
analysts. European Journal of Operational Research, 196, 808-818. 
doi:10.1016/j.ejor.2008.03.040. 
HO, W. 2008. Integrated Analytic Hierarchy Process and its applications – A literature review. European 
Journal of Operational Research, 186, 211-228. doi:10.1016/j.ejor.2007.01.004. 
HODGKINSON, G. P., BOWN, N. J., MAULE, A. J., GLAISTER, K. W. & PEARMAN, A. D. 1999. Breaking the 
frame: An analysis of strategic cognition and decision making under uncertainty. Strategic 
Management Journal, 20, 977-985. doi:10.1002/(Sici)1097-0266(199910)20:10<977::Aid-
Smj58>3.0.Co;2-X. 
HODGKINSON, G. P., MAULE, A. J., BOWN, N. J., PEARMAN, A. D. & GLAISTER, K. W. 2002. Further 
reflections on the elimination of framing bias in strategic decision making. Strategic 
Management Journal, 23, 1069–1076. . doi:10.1002/smj.266. 
HOWICK, S. & ACKERMANN, F. 2011. Mixing OR methods in practice: Past, present and future 
directions. European Journal of Operational Research, 215, 503-511. 
doi:10.1016/j.ejor.2011.03.013. 
HUANG, H. F., KUO, J. & LO, S. L. 2011b. Review of PSR framework and development of a DPSIR model 
to assess greenhouse effect in Taiwan. Environmental Monitoring and Assessment 177, 623-
35. doi:10.1007/s10661-010-1661-7. 
HUANG, I. B., KEISLER, J. & LINKOV, I. 2011a. Multi-criteria decision analysis in environmental sciences: 
Ten years of applications and trends. The Science of the Total Environment, 409, 3578-94. 
doi:10.1016/j.scitotenv.2011.06.022. 
HWANG, C. L. & YOON, K. 1981. Multiple attribute decision making : Methods and applications: A state-
of-the-art survey, Berlin ; New York, Springer-Verlag. 
JOHNSTON, R., COOLS, J., LIERSCH, S., MORARDET, S., MURGUE, C., MAHIEU, M., ZSUFFA, I. & 
UYTTENDAELE, G. P. 2013. WETwin: A structured approach to evaluating wetland management 
options in data-poor contexts. Environmental Science & Policy, 34, 3-17. 
doi:10.1016/j.envsci.2012.12.006. 
KABIR, G., SADIQ, R. & TESFAMARIAM, S. 2014. A review of multi-criteria decision-making methods for 
infrastructure management. Structure and Infrastructure Engineering, 10, 1176-1210. 
doi:10.1080/15732479.2013.795978. 
KAHRAMAN, C., DEMIREL, N. C. & DEMIREL, T. 2007. Prioritization of e-government strategies using a 
SWOT-AHP analysis: The case of Turkey. European Journal of Information Systems, 16, 284-
298. doi:10.1057/palgrave.ejis.3000679. 
KAJANUS, M., KANGAS, J. & KURTTILA, M. 2004. The use of value focused thinking and the A’WOT 
hybrid method in tourism management. Tourism Management, 25, 499-506. 
doi:10.1016/s0261-5177(03)00120-1. 
KAJANUS, M., LESKINEN, P., KURTTILA, M. & KANGAS, J. 2012. Making use of MCDS methods in SWOT 
analysis—Lessons learnt in strategic natural resources management. Forest Policy and 
Economics, 20, 1-9. doi:10.1016/j.forpol.2012.03.005. 
KANGAS, J., KANGAS, A., LESKINEN, P. & PYKÄLÄINEN, J. 2001. MCDM methods in strategic planning of 
forestry on state-owned lands in Finland: applications and experiences. Journal of Multi-
Criteria Decision Analysis, 10, 257–271. 
KAPLAN, R. S. & NORTON, D. P. 1992. The Balanced Scorecard - Measures that drive performance. 
Harvard Business Review, 70, 71-79. 
35 
 
KARVETSKI, C. W. & LAMBERT, J. H. 2012. Evaluating deep uncertainties in strategic priority-setting 
with an application to facility energy investments. Systems Engineering, 15, 483-493. 
doi:10.1002/sys.21215. 
KARVETSKI, C. W., LAMBERT, J. H., KEISLER, J. M. & LINKOV, I. 2011a. Integration of decision analysis 
and scenario planning for coastal engineering and climate change. IEEE Transactions on 
Systems, Man, and Cybernetics - Part A: Systems and Humans, 41, 63-73. 
KARVETSKI, C. W., LAMBERT, J. H. & LINKOV, I. 2011b. Scenario and multiple criteria decision analysis 
for energy and environmental security of military and industrial installations. Integrated 
Environmental Assessment and Management, 7, 228-36. doi:10.1002/ieam.137. 
KEENEY, R. 2007. Developing objectives and attributes. In: EDWARDS, W., MILES, R., F. & VON 
WINTERFELDT, D. (eds.) Advances in Decision Analysis. New York: Cambridge University Press. 
KEENEY, R. L. 1988. Building Models of Values. European Journal of Operational Research, 37, 149-157. 
doi:10.1016/0377-2217(88)90324-4. 
KEENEY, R. L. 1992. Value-focused thinking a path to creative decisionmaking, Cambridge, 
Massachusetts [etc.], Harvard University Press. 
KEENEY, R. L. & RAIFFA, H. 1976. Decisions with multiple objectives preferences and value tradeoffs, 
New York a.o., Wiley. 
KELBLE, C. R., LOOMIS, D. K., LOVELACE, S., NUTTLE, W. K., ORTNER, P. B., FLETCHER, P., COOK, G. S., 
LORENZ, J. J. & BOYER, J. N. 2013. The EBM-DPSER conceptual model: Integrating ecosystem 
services into the DPSIR framework. Plos One, 8. doi:10.1371/journal.pone.0070766. 
KENIS, P. & SCHNEIDER, V. 1991. Policy networks and policy analysis: scrutinizing a new analytical 
toolbox. In: MARTIN, B. & MAYNTZ, R. (eds.) Policy Networks: Empirical Evidence and 
Theoretical Considerations. Boulder, CO: Westview Press. 
KIM, Y., CHUNG, E.-S., JUN, S.-M. & KIM, S. U. 2013. Prioritizing the best sites for treated wastewater 
instream use in an urban watershed using fuzzy TOPSIS. Resources, Conservation and 
Recycling, 73, 23-32. doi:10.1016/j.resconrec.2012.12.009. 
KOTIADIS, K. & MINGERS, J. 2006. Combining PSMs with hard OR methods: The philosophical and 
practical challenges. Journal of the Operational Research Society, 57, 856-867. 
doi:10.1057/palgrave.jors.2602147. 
KOTLER, P. 1988. Marketing Management: Analysis, Planning, Implementation, and Control, Prentice-
Hall International Edition. 
KOWALSKI, K., STAGL, S., MADLENER, R. & OMANN, I. 2009. Sustainable energy futures: 
Methodological challenges in combining scenarios and participatory multi-criteria analysis. 
European Journal of Operational Research, 197, 1063-1074. doi:10.1016/j.ejor.2007.12.049. 
KPOUMIÉ, A., DAMART, S. & TSOUKIÀS, A. 2012. Integrating Cognitive Mapping Analysis into Multi-
Criteria Decision Aiding. Laboratoire d ’Analyses et Modélisation de Systèmes pour l ’Aide à la 
Décision. 
KURTTILA, M., PESONEN, M., KANGAS, J. & KAJANUS, M. 2000. Utilizing the analytic hierarchy process 
AHP in SWOT. Forest Policy and Economics, 1, 41-52. 
LAMBERT, J. H., KARVETSKI, C. W., SPENCER, D. K., SOTIRIN, B. J., LIBERI, D. M., ZAGHLOUL, H. H., 
KOOGLER, J. B., HUNTER, S. L., GORAN, W. D., DITMER, R. D. & LINKOV, I. 2012. Prioritizing 
infrastructure investments in Afghanistan with multiagency stakeholders and deep uncertainty 
of emergent conditions. Journal of Infrastructure Systems, 18, 155-166. 
doi:10.1061/(asce)is.1943-555x.0000078. 
LEE, M.-T. & LIN, T.-F. 2014. Developing an Interactive Decision Support System for Sustainable Coastal 
Tourism of Cijin, Taiwan International Symposium on Computer, Consumer and Control. IEEE 
Computer Society. Taichung.  
LENNOX, J., PROCTOR, W. & RUSSELL, S. 2011. Structuring stakeholder participation in New Zealand's 
water resource governance. Ecological Economics, 70, 1381-1394. 
doi:10.1016/j.ecolecon.2011.02.015. 
36 
 
LESKINEN, L. A., LESKINEN, P., KURTTILA, M., KANGAS, J. & KAJANUS, M. 2006. Adapting modern 
strategic decision support tools in the participatory strategy process - A case study of a forest 
research station. Forest Policy and Economics, 8, 267-278. doi:10.1016/j.forpol.2004.06.007. 
LEWIN, K. 1951. Force Field Analysis, New York, Harper & Row.  
LI, X., ZHOU, Y., TIAN, B., KUANG, R. & WANG, L. 2015. GIS-based methodology for erosion risk 
assessment of the muddy coast in the Yangtze Delta. Ocean & Coastal Management, 108, 97-
108. doi:10.1016/j.ocecoaman.2014.09.028. 
LIENERT, J., SCHNETZER, F. & INGOLD, K. 2013. Stakeholder analysis combined with social network 
analysis provides fine-grained insights into water infrastructure planning processes. Journal of 
Environmental Management, 125, 134-48. doi:10.1016/j.jenvman.2013.03.052. 
LIENERT, J., SCHOLTEN, L., EGGER, C. & MAURER, M. 2015. Structured decision-making for sustainable 
water infrastructure planning and four future scenarios. EURO Journal on Decision Processes, 
3, 107-140. doi:10.1007/s40070-014-0030-0. 
LINKOV, I., VARGHESE, A., JAMIL, S., SEAGER, T. P., KIKER, G. & BRIDGES, T. 2004. Multi-criteria decision 
analysis: A framework for structuring remedial decisions at contaminated sites. Comparative 
Risk Assessment and Environmental Decision Making, 38, 15-54. 
LONGARAY, A. A., ENSSLIN, L., ENSSLIN, S. R. & DA ROSA, I. O. 2015. Assessment of a Brazilian public 
hospital’s performance for management purposes: A soft operations research case in action. 
Operations Research for Health Care, 5, 28-48. doi:10.1016/j.orhc.2015.05.001. 
LONGARAY, A. A., ENSSLIN, L. & MACKNESS, J. R. 2014. Multicriteria decision analysis to lead about 
messes problems: An illustrated case. Independent Journal of Management & Production, 5, 
677-692. doi:10.14807/ijmp.v5i3.143. 
MACHARIS, C., DE WITTE, A. & AMPE, J. 2009. The Multi-Actor, Multi-Criteria Analysis Methodology 
(MAMCA) for the evaluation of transport projects: Theory and practice. Journal of Advanced 
Transportation, 43, 183-202. doi:10.1002/atr.5670430206. 
MACHARIS, C., TURCKSIN, L. & LEBEAU, K. 2012. Multi actor multi criteria analysis (MAMCA) as a tool 
to support sustainable decisions: State of use. Decision Support Systems, 54, 610-620. 
doi:10.1016/j.dss.2012.08.008. 
MARAFON, A. D., ENSSLIN, L., LACERDA, R. T. D. O. & ENSSLIN, S. R. 2015. The effectiveness of multi-
criteria decision aid methodology. European Journal of Innovation Management, 18, 86-109. 
doi:10.1108/ejim-10-2013-0106. 
MARDANI, A., JUSOH, A. & ZAVADSKAS, E. K. 2015. Fuzzy multiple criteria decision-making techniques 
and applications - Two decades review from 1994 to 2014. Expert Systems with Applications, 
42, 4126-4148. doi:10.1016/j.eswa.2015.01.003. 
MARGLES, S. W., MASOZERA, M., RUGYERINYANGE, L. & KAPLIN, B. A. 2010. Participatory planning: 
sing SWOT-AHP analysis in buffer zone management planning. Journal of Sustainable Forestry, 
29, 613-637. doi:10.1080/10549811003769483. 
MARTTUNEN, M. & HÄMÄLÄINEN, R. P. 1995. Decision analysis interviews in environmental impact 
assessment. European Journal of Operational Research, 87, 551-563. doi:10.1016/0377-
2217(95)00229-4. 
MARTTUNEN, M. & HÄMÄLÄINEN, R. P. 2008. The Decision Analysis Interview Approach in the 
collaborative management of a large regulated water course. Environmental Management, 42, 
1026-1042. doi:10.1007/s00267-008-9200-9. 
MARTTUNEN, M., MUSTAJOKI, J., DUFVA, M. & KARJALAINEN, T. 2015. How to design and realize 
participation of stakeholders in MCDA processes? A framework for selecting an appropriate 
approach. EURO Journal on Decision Processes, 3, 187-214. doi:10.1007/s40070-013-0016-3. 
MENDOZA, G. A. & PRABHU, R. 2003. Qualitative multi-criteria approaches to assessing indicators of 
sustainable forest resource management. Forest Ecology and Management, 174, 329-343. 
doi:Doi 10.1016/S0378-1127(02)00044-0. 
MEYAR-NAIMI, H. & VAEZ-ZADEH, S. 2012. Sustainable development based energy policy making 
frameworks, a critical review. Energy Policy, 43, 351-361. doi:10.1016/j.enpol.2012.01.012. 
37 
 
MINGERS, J. 2007. Operational research: the science of better? Journal of the Operational Research 
Society, 58, 683-686. doi:10.1057/palgrave.jors.2602333. 
MINGERS, J. & BROCKLESBY, J. 1997. Multimethodology: Towards a framework for mixing 
methodologies. Omega-International Journal of Management Science, 25, 489-509. doi:Doi 
10.1016/S0305-0483(97)00018-2. 
MINGERS, J. & ROSENHEAD, J. 2004. Problem structuring methods in action. European Journal of 
Operational Research, 152, 530-554. doi:10.1016/s0377-2217(03)00056-0. 
MITROFF, I. I. & EMSHOFF, J. R. 1979. On strategic assumption-making: A dialectical approach to policy 
and planning Academy of Management Review, 4, 1–12. 
MONTIBELLER, G., BELTON, V., ACKERMANN, F. & ENSSLIN, L. 2008. Reasoning maps for decision aid: 
An integrated approach for problem-structuring and multi-criteria evaluation. Journal of the 
Operational Research Society, 59, 575-589. doi:10.1057/palgrave.jors.2602347. 
MONTIBELLER, G., GUMMER, H. & TUMIDEI, D. 2006. Combining scenario planning and multi-criteria 
decision analysis in practice. Journal of Multi-Criteria Decision Analysis, 14, 5-20. 
doi:10.1002/mcda.403. 
MORTON, A. & FASOLO, B. 2009. Behavioural decision theory for multi-criteria decision analysis: a 
guided tour. Journal of the Operational Research Society, 60, 268-275. 
doi:10.1057/palgrave.jors.2602550. 
MUNDA, G. 2004a. Social multi-criteria evaluation for a sustainable economy, Berlin, Springer. 
MUNDA, G. 2004b. Social multi-criteria evaluation: Methodological foundations and operational 
consequences. European Journal of Operational Research, 158, 662-677. doi:10.1016/s0377-
2217(03)00369-2. 
MUNRO, I. & MINGERS, J. 2002. The use of multimethodology in practice - Results of a survey of 
practitioners. Journal of the Operational Research Society, 53, 369-378. 
doi:10.1057/palgrave/jors/2601331. 
MYLLYVIITA, T., LÄHTINEN, K., HUJALA, T., LESKINEN, L., SIKANEN, L. & LESKINEN, P. 2014. Identifying 
and rating cultural sustainability indicators: A case study of wood-based bioenergy systems in 
eastern Finland. Environment, Development and Sustainability, 16, 287-304. 
doi:10.1007/s10668-013-9477-6. 
NEVES, L. P., DIAS, L. C., ANTUNES, C. H. & MARTINS, A. G. 2009. Structuring an MCDA model using 
SSM: A case study in energy efficiency. European Journal of Operational Research, 199, 834-
845. doi:10.1016/j.ejor.2009.01.053. 
NIKODINOSKA, N., MATTIVI, M., NOTARO, S. & PALETTO, A. 2015. Stakeholders' appraisal of biomass-
based energy development at local scale. Journal of Renewable and Sustainable Energy, 7, 
023117. doi:10.1063/1.4916654. 
NORDSTRÖM, E.-M., ERIKSSON, L. O. & ÖHMAN, K. 2010. Integrating multiple criteria decision analysis 
in participatory forest planning: Experience from a case study in Northern Sweden. Forest 
Policy and Economics, 12, 562-574. doi:10.1016/j.forpol.2010.07.006. 
O'HIGGINS, T., FARMER, A., DASKALOV, G., KNUDSEN, S. & MEE, L. 2014. Achieving good environmental 
status in the Black Sea: scale mismatches in environmental management. Ecology and Society, 
19, 54. doi:10.5751/ES-06707-190354. 
OECD 1993. Core set of indicators for environmental performance reviews: a synthesis report by the 
group on the state of the environment. Environment Monographs. Paris: Organisation for 
Economic Co-operation and Development. 
ÖZTÜRK, S. 2015. Determining management strategies for the Sarikum Nature Protection Area. 
Environmental Monitoring and Assessment, 187, 113. doi:10.1007/s10661-015-4302-3. 
PARNELL, G. S., HUGHES, D. W., BURK, R. C., DRISCOLL, P. J., KUCIK, P. D., MORALES, B. L. & NUNN, L. 
R. 2013. Invited review-survey of Value-Focused Thinking: Applications, research 
developments and areas for future research. Journal of Multi-Criteria Decision Analysis, 20, 49-
60. doi:10.1002/mcda.1483. 
38 
 
PARTICIPATION, I. A. F. P. 2007. IAP2. Spectrum of Public Participation [Online]. 
http://c.ymcdn.com/sites/www.iap2.org/resource/resmgr/imported/IAP2%20Spectrum_vert
ical.pdf.  [Accessed 29.10.2015 2015]. 
PETERSON, G. D., CUMMING, G. E. & S.R., C. 2003. Scenario planning: A tool for conservation in an 
uncertain world. Conservation Biology, 17, 358-366. 10.1046/j.1523-1739.2003.01491.x. 
PETERSSON, E., GIUPPONI, C. & FEAS', J. 2007. Decision support for strategic water management: Mdss 
in the large dam context. Water International, 32, 265-279. 
http://dx.doi.org/10.1080/02508060708692206. 
PETKOV, D., PETKOVA, O., ANDREW, T. & NEPAL, T. 2007. Mixing Multiple Criteria Decision Making 
with soft systems thinking techniques for decision support in complex situations. Decision 
Support Systems, 43, 1615-1629. doi:10.1016/j.dss.2006.03.006. 
PHILLIPS, L. D. & PHILLIPS, M. C. 1993. Facilitated work groups - Theory and practice. Journal of the 
Operational Research Society, 44, 533-549. doi:10.1057/jors.1993.96. 
PROCTOR, W. & DRECHSLER, M. 2006. Deliberative multicriteria evaluation. Environment and Planning 
C-Government and Policy, 24, 169-190. doi:10.1068/c22s. 
RAM, C. & MONTIBELLER, G. 2013. Exploring the impact of evaluating strategic options in a scenario-
based multi-criteria framework. Technological Forecasting and Social Change, 80, 657-672. 
doi:10.1016/j.techfore.2012.09.019. 
RAM, C., MONTIBELLER, G. & MORTON, A. 2011. Extending the use of scenario planning and MCDA for 
the evaluation of strategic options. Journal of the Operational Research Society, 62, 817-829. 
doi:10.1057/jors.2010.90. 
REED, M. S., GRAVES, A., DANDY, N., POSTHUMUS, H., HUBACEK, K., MORRIS, J., PRELL, C., QUINN, C. 
H. & STRINGER, L. C. 2009. Who's in and why? A typology of stakeholder analysis methods for 
natural resource management. Journal of Environmental Management, 90, 1933-1949. 
doi:10.1016/j.jenvman.2009.01.001. 
RITCHEY, T. 2006. Problem structuring using computer-aided morphological analysis. Journal of the 
Operational Research Society, 57, 792-801. doi:10.1057/palgrave.jors.2602177. 
ROLANDO, D. 2015. Multicriteria decision problem structuring: the strategic choice approach in the 
context of public projects in Italy. International Journal of Multicriteria Decision Making, 5, 4-
38. doi:10.1504/IJMCDM.2015.067942. 
ROMERO, C. & REHMAN, T. 1987. Natural resource management and the use of multiple criteria 
decision-making techniques: A review European Review of Agricultural Economics, 14, 61-89. 
https://doi.org/10.1093/erae/14.1.61 
ROSENHEAD, J. 2006. Past, present and future of problem structuring methods. Journal of the 
Operational Research Society, 57, 759-765. doi:DOI 10.1057/palgrave.jors.2602206. 
ROSENHEAD, J., ED. 1989. Rational analysis for a problematic world: Problem Structuring Methods for 
complexity, uncertainty and conflict.  , West Sussex, England, John Wiley and Sons Ltd. 
ROSENHEAD, J. & MINGERS, J. 2001. Rational Analysis for a Problematic World Revisited: Problem 
Structuring Methods for Complexity, Uncertainty and Conflict, Chichester, London, John Wiley 
& Sons. Ltd. 
ROY, B. 1991. The outranking approach and the foundations of ELECTRE methods. Theory and Decision, 
31, 49-73. doi:10.1007/Bf00134132. 
SAATY, T. L. 1980. The Analytic Hierarchy Process, New York, McGraw-Hill. 
SAATY, T. L. 2005. Theory and applications of the analytic network process decision making with 
benefits, opportunities, costs, and risks, Pittsburgh, PA, RWS Publications. 
SCHAFFERNICHT, M. 2010. Causal Loop Diagrams between structure and behaviour: A critical analysis 
of the relationship between polarity, behaviour and events. Systems Research and Behavioral 
Science, 27, 653-666. doi:10.1002/sres.1018. 
SCHNAARS, S. P. 1987. How to Develop and Use Scenarios. Long Range Planning, 20, 105-114. doi: 
10.1016/0024-6301(87)90038-0. 
SCHOEMAKER, P. J. H. 1995. Scenario planning: A tool for strategic thinking. Sloan Management 
Review, 36, 25-40. 
39 
 
SCHOLTEN, L., SCHUWIRTH, N., REICHERT, P. & LIENERT, J. 2015. Tackling uncertainty in multi-criteria 
decision analysis - An application to water supply infrastructure planning. European Journal of 
Operational Research, 242, 243-260. doi:10.1016/j.ejor.2014.09.044. 
SCOLOZZI, R., SCHIRPKE, U., MORRI, E., D'AMATO, D. & SANTOLINI, R. 2014. Ecosystem services-based 
SWOT analysis of protected areas for conservation strategies. Journal of Environmental 
Management, 146, 543-51. doi:10.1016/j.jenvman.2014.05.040. 
SEVKLI, M., OZTEKIN, A., UYSAL, O., TORLAK, G., TURKYILMAZ, A. & DELEN, D. 2012. Development of a 
fuzzy ANP based SWOT analysis for the airline industry in Turkey. Expert Systems with 
Applications, 39, 14-24. doi:10.1016/j.eswa.2011.06.047. 
SHAO, C., GUAN, Y., CHU, C., SHI, R., JU, M. & SHI, J. 2014. Trends analysis of ecological environment 
security based on DPSIR model in the coastal zone: A survey study in Tianjin, China. 
International Journal of Environmental Research, 8, 765-778 
SHRESTHA, R. K., ALAVALAPATI, J. R. R. & KALMBACHER, R. S. 2004. Exploring the potential for 
silvopasture adoption in south-central Florida: An application of SWOT-AHP method. 
Agricultural Systems, 81, 185-199. doi:10.1016/j.agsy.2003.09.004. 
SMEETS, E. & WETERINGS, R. 1999. Environmental indicators: Typology and overview. TNO Centre for 
Strategy, Technology and Policy, The Netherlands: European Environment Agency. 
SRDJEVIC, Z., BAJCETIC, R. & SRDJEVIC, B. 2012. Identifying the Criteria Set for Multicriteria Decision 
Making Based on SWOT/PESTLE Analysis: A Case Study of Reconstructing A Water Intake 
Structure. Water Resources Management, 26, 3379-3393. doi:10.1007/s11269-012-0077-2. 
STEUER, R. E. & NA, P. 2003. Multiple criteria decision making combined with finance: A categorized 
bibliographic study. European Journal of Operational Research, 150, 496-515. 
doi:10.1016/S0377-2217(02)00774-9. 
STEWART, T. J. 1997. Scenario analysis and multicriteria decision making. In: CLÍMACO, J. (ed.) 
Multicriteria analysis proceedings of the XIth International Conference on MCDM, 1-6 August 
1994, Coimbra, Portugal. Berlin [etc.]: Springer. 
STEWART, T. J. 2005. Dealing with uncertainties in MCDA. In: FIGUEIRA, J. R., GRECO, S. & EHRGOTT, 
M. (eds.) Multiple Criteria Decision Analysis: State of the Art Surveys. New York: Springer. 
STEWART, T. J., FRENCH, S. & RIOS, J. 2013. Integrating multicriteria decision analysis and scenario 
planning—Review and extension. Omega, 41, 679-688. doi:10.1016/j.omega.2012.09.003. 
STRATON, A. T., JACKSON, S., MARINONI, O., PROCTOR, W. & WOODWARD, E. 2011. Exploring and 
evaluating scenarios for a river catchment in Northern Australia using scenario development, 
multi-criteria analysis and a deliberative process as a tool for water planning. Water Resources 
Management, 25, 141-164. doi:10.1007/s11269-010-9691-z. 
SURIYA, S. & MUDGAL, B. V. 2013a. Soft systems methodology and integrated flood management a 
study of the Adayar watershed, Chennai, India, Water and Environment Journal Volume 27, 
Issue 4. Water and Environment Journal [Online], 27. Available: 
http://onlinelibrary.wiley.com/doi/10.1111/j.1747-6593.2012.00365.x/abstract [Accessed 
01]. 
SURIYA, S. & MUDGAL, B. V. 2013b. Soft systems methodology and integrated flood management: A 
study of the Adayar watershed, Chennai, India. Water and Environment Journal, 27, 462-473. 
doi:10.1111/j.1747-6593.2012.00365.x. 
TERRADOS, J., ALMONACID, G. & PÉREZ-HIGUERAS, P. 2009. Proposal for a combined methodology for 
renewable energy planning. Application to a Spanish region. Renewable and Sustainable 
Energy Reviews, 13, 2022-2030. doi:10.1016/j.rser.2009.01.025. 
TIKKANEN, J., ISOKAANTA, T., PYKALAINEN, J. & LESKINEN, P. 2006. Applying cognitive mapping 
approach to explore the objective-structure of forest owners in a Northern Finnish case area. 
Forest Policy and Economics, 9, 139-152. doi:10.1016/j.forpol.2005.04.001. 
TRUTNEVYTE, E., STAUFFACHER, M. & SCHOLZ, R. W. 2011. Supporting energy initiatives in small 
communities by linking visions with energy scenarios and multi-criteria assessment. Energy 
Policy, 39, 7884-7895. doi:10.1016/j.enpol.2011.09.038. 
40 
 
TRUTNEVYTE, E., STAUFFACHER, M. & SCHOLZ, R. W. 2012. Linking stakeholder visions with resource 
allocation scenarios and multi-criteria assessment. European Journal of Operational Research, 
219, 762-772. doi:10.1016/j.ejor.2012.01.009. 
TSCHERNING, K., HELMING, K., KRIPPNER, B., SIEBER, S. & PALOMA, S. G. Y. 2012. Does research 
applying the DPSIR framework support decision making? Land Use Policy, 29, 102-110. 
doi:10.1016/j.landusepol.2011.05.009. 
TURCKSIN, L., MACHARIS, C., LEBEAU, K., BOUREIMA, F., VAN MIERLO, J., BRAM, S., DE RUYCK, J., 
MERTENS, L., JOSSART, J.-M., GORISSEN, L. & PELKMANS, L. 2011. A multi-actor multi-criteria 
framework to assess the stakeholder support for different biofuel options: The case of 
Belgium. Energy Policy, 39, 200-214. doi:10.1016/j.enpol.2010.09.033. 
VACIK, H., KURTTILA, M., HUJALA, T., KHADKA, C., HAARA, A., PYKALAINEN, J., HONKAKOSKI, P., 
WOLFSLEHNER, B. & TIKKANEN, J. 2014. Evaluating collaborative planning methods supporting 
programme-based planning in natural resource management. Journal of Environmental 
Management, 144, 304-15. doi:10.1016/j.jenvman.2014.05.029. 
VAN DER HEIJDEN, K. 1996. Scenarios: The art of strategic conversation, Chichester, John Wiley & Sons. 
VAN DER PAS, J. W. G. M., WALKER, W. E., MARCHAU, V. A. W. J., VAN WEE, G. P. & AGUSDINATA, D. 
B. 2010. Exploratory MCDA for handling deep uncertainties: the case of intelligent speed 
adaptation implementation. Journal of Multi-Criteria Decision Analysis, 17, 1-23. 
doi:10.1002/mcda.450. 
VENTURA, A., DIAS, L. & CLÍMACO, J. 2014. On Facilitating Group Decision Making Processes with VIP 
Analysis. In: ZARATÉ, P., KERSTEN, G. E. & HERNÁNDEZ, J. E. (eds.) Group decision and 
negotiation - A process-oriented view. Springer International Publishing Switzerland. 
WACK, P. 1985. Scenarios - Uncharted Waters Ahead. Harvard Business Review, 63, 72-89 
WALLENIUS, J., DYER, J. S., FISHBURN, P. C., STEUER, R. E., ZIONTS, S. & DEB, K. 2008. Multiple Criteria 
Decision Making, Multiattribute Utility Theory: Recent Accomplishments and What Lies Ahead. 
Management Science, 54, 1336-1349. doi:10.1287/mnsc.1070.0838. 
WANG, Q. & POH, K. L. 2014. A survey of integrated decision analysis in energy and environmental 
modeling. Energy, 77, 691-702. doi:10.1016/j.energy.2014.09.060. 
WEIHRICH, H. 1982. The tows matrix - A tool for situational analysis. Long Range Planning, 15, 54-66. 
doi:Doi 10.1016/0024-6301(82)90120-0. 
WOLFSLEHNER, B. & VACIK, H. 2008. Evaluating sustainable forest management strategies with the 
Analytic Network Process in a Pressure-State-Response framework. J Environ Manage, 88, 1-
10. doi:10.1016/j.jenvman.2007.01.027. 
WOLFSLEHNER, B. & VACIK, H. 2011. Mapping indicator models: From intuitive problem structuring to 
quantified decision-making in sustainable forest management. Ecological Indicators, 11, 274-
283. doi:10.1016/j.ecolind.2010.05.004. 
WRIGHT, G., BRADFIELD, R. & CAIRNS, G. 2013. Does the intuitive logics method – and its recent 
enhancements – produce “effective” scenarios? Technological Forecasting and Social Change, 
80, 631-642. doi:10.1016/j.techfore.2012.09.003. 
WRIGHT, G. & GOODWIN, P. 1999. Future-focussed thinking: Combining scenario planning with 
decision analysis. Journal of Multi-Criteria Decision Analysis, 8, 311-321. doi:10.1002/1099-
1360(199911)8:6<311::aid-mcda256>3.0.co;2-t. 
WRIGHT, G. & GOODWIN, P. 2002. Eliminating a framing bias by using simple instructions to 'think 
harder' and respondents with managerial experience: Comment on 'breaking the frame'. 
Strategic Management Journal, 23, 1059-1067. doi:10.1002/smj.265. 
YU, R. & TZENG, G.-H. 2006. A soft computing method for multi-criteria decision making with 
dependence and feedback. Applied Mathematics and Computation, 180, 63-75. 
doi:10.1016/j.amc.2005.11.163. 
YÜKSEL, İ. & DAĞDEVIREN, M. 2007. Using the analytic network process (ANP) in a SWOT analysis – A 
case study for a textile firm. Information Sciences, 177, 3364-3382. 
doi:10.1016/j.ins.2007.01.001. 
 
41 
 
 
